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PREFACE 



THE treatment of water for steam-boiler and manu- 
facturing purposes is a question of prime importance 
to the steam user, who understands by treatment something 
that will reduce the amount of hard scale deposited in his 
boiler or fabrics. Incidentally, such reduction benefits his 
pocket by reason of the better efficiency of the boiler-heating 
surface ; less obviously but as certainly there accrues to 
him a saving, because his bpiler^ a|*e lesa^ strained ; labour 
is economized upon cleaning and the number of boilers at 
work and spare may be less for a given duty. No apology, 
therefore, need be put forward in attempting to lay before 
steam users some of the chief facts connected with the 
softening of water. Equally important is the subject to 
certain manufacturers, notably dyers, one of whom informed 
the author that foreign competition in dyeing had no terrors 
for him. He could obtain for his dyed wools in delicate 
shades sixpence per pound more than other dyers, for he 
employed a water-softening process, whereas his neighbours 
were content to use untreated water. 

There are limits to the powers of the water-softening 
chemist, and it is well these limits should be recognized in 
order to prevent disappointment ; but there are few cases 
which cannot be taken in hand and some improvement 
secured. No attempt is made to enter too deeply into finer 
points of chemistry. Water softening and general treat- 
ment for the steam user must of necessity be kept within the 
bounds of the more simple reactions and the commercial 
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In laundries chemicals are added in the wash-tub for the 
purpose of softening water and saving soap. London water, 
say Messrs. Mather & Piatt, will destroy 20 lb. of soap 
per 1,000 gallons, at a cost of 3^. 4d.j whereas the water 
could be properly softened before use for Id. per 1,000 
gallons. 

By using softening chemicals in the wash-tub the soap 
is saved, but the lime salts are deposited in the texture of 
the things washed, and these acquire a yellow tinge. As 
well as in steam boilers, hard water is harmful and costly 
in laundries, tanneries, dye works and paper mills, etc., for 
iron, which exists in many waters, is removed in the process 
of softening. 

In dye works the most delicate colours cannot be obtained 
except with soft water, and in the tanyard the presence of 
lime carbonate in the hides destroys tannin by converting 
it into lime tannate, and this is not only a loss of tannin 
but detracts from the quality of the leather, which is 
hardened and rendered harsh in feeling through the choking 
of its substance with mineral matter. 

In preparing this volume the Author has drawn on many 
sources to supplement his own experience, and is indebted 
to various firms for kindly supplying information of their 
particular apparatus, which have been selected, as explained 
in Chapter VIII., purely as types of construction and not 
because such apparatus is in his opinion better or worse 
than others named or unnamed. 

The complaints as to the destruction of fabrics in laundries 
by the use of chemicals arise probably as the result of using 
chemicals in dry form thrown directly into the washing vats. 

The same chemicals, properly employed in correct quantity 
would do no harm, but rather good. Where softeners are 
used in the washing vessels themselves, even in correct 
quantity, the goods are exposed to the lime salts, which are 
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thrown out of solution. It is thus in every way best to 
soften water as a preliminary operation and to remove the 
separated lime salts by deposit and filtration. 

The second part of the book deals with Condensing Plant, 
Feed Pumps and Heaters, and Water Coolers, and appears 
naturally to ally itself with the subject of water softening. 
The examples illustrative of these sections are also selected 
for the same reasons as those in the first portion of the book. 

The Author has endeavoured to make clear the important 
bearing which the laws of mixed vapours have upon the 
subject of condensing, and hopes that thereby the folly of 
overrunning of air pumps may be more clearly perceived. 
Not only upon condensers, but also upon air-pump design, 
these laws have their bearing. Rankine very clearly stated 
the law, and was more than usually particular in illustrating 
it by plain figures. Yet the law has been little grasped. 
Indeed, the Author has been induced himself to emphasize 
the point by Mr. George Higgins, M.Inst.C.E., of Melbourne, 
who pointed out where he, 'the Author, had himself 
neglected to give sufficient consideration to the law. 

The provision of condensing plant has often been very 
fortuitous in the past, especially in electrical stations, which 
have been often patched up in a very haphazard manner. 

Perhaps no detail has been worse neglected than the feed 
pump. It is to be hoped that the future will see a full 
return to older practice, which was based on slow, easily- 
worked substantial pumps, which did not strive to make 
their presence known by clouds of steam and a perennial 
water puddle. 

If the steam engine is to continue to hold its own against 
newer heat motors there must be better and more scientific 
practice, based on a recognition of those factors on which 
permanence and durability depend. There has been a great 
departure along toy lines, and much attempt to hold that 
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things could be done that were opposed to known laws and 
practical experience. The result as regards electrical ex- 
perience has been millions of tons of coal wasted, and in 
nothing perhaps worse than in ill-considered condensers and 
feed-plant apparatus. 

The Author's thanks are due to various firms for informa- 
tion of their respective apparatus. 

In order to render the subject more complete, sections on 
Feed-heating and Water-cooling have been added to deal 
with these essentials, which require quite as much care and 
judgment in the selection of the proper apparatus for each 
case as do the other matters dealt with. 

As far as possible the basis of design and calculation has 
been made the British Thermal Unit, for by its use the 
elements of design all fall naturally together, and the hap- 
hazard system of basing design on a horse-power basis is 
altogether too foolish to be seriously entertained. 

Wm. H. Booth. 

26, Queen Anne's Gate, 
Westminsteb. 
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CHAPTER I 
INTRODUCTORY 

ALL natural waters contain some impurity, the amount 
of which depends upon the nature of the soil over or 
through which the water has passed between such time as 
it descended in the form of rain and the time when it was 
impounded in some non-soluble vessel. When introduced 
to a steam boiler it is found that the impurities come out 
of solution either because water loses its soluble power at 
higher temperatures, or, owing to evaporation of some of 
the water, the remainder becomes super-saturated and the 
excess of impurity crystallizes out or otherwise deposits. 

As deposited in a steam boiler, these impurities take the 
form of crusts more or less hard and adherent. These crusts 
are a source of trouble more or less serious and dangerous. 
In the first place, when they occur on heated parts of the 
boiler they reduce the efficiency of the transmission of heat 
through the metal plates, and, if very thick, the resistance 
to the passage of heat may be so great that the metal is 
rendered so hot as to become reduced in strength, and a 
dangerous condition may ensue, ending in serious collapse 
or rupture of the parts overheated, or even general explosion. 

In process of time the amount of deposit becomes so 
great that its removal becomes imperative. In cleaning a 
boiler it is often requisite to employ picks, or the hammer 
and chisel, and in course of time the surfaces of the boiler 
become hacked over like a coarse rasp, by reason of the 
unskilful use of the cutting instruments. The cleaning of 
a boiler by these means is expensive, and it is work requiring 
considerable time. Water which causes deposit necessitates, 
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therefore, a larger provision of boilers for a given duty. 
Incrustation has a powerful influence upon the design of 
steam boilers, and boilers, otherwise sound in principle and 
good in practice, may be barred out of use by the difficulty 
that would be experienced in respect of cleaning. In con- 
sidering the cost of treating feed water so as to prevent 
deposits by removing the impurities from the water before 
its entrance into the boiler, there is to be set against the 
cost of treatment, the expense of cleaning, the waste of 
capital which represents the reduced life of the boiler, and 
the interest and depreciation charges on the increased plant 
which it is necessary to employ. 

All the above inconveniences and expenses are avoided 
when a boiler is fed with initially pure water, or water that 
has been purged of its impurities by artificial means ; and 
it may be added that pure water is beneficial in manufac- 
turing processes, particularly in the preparation of high- 
class fabrics, the dyeing of fine wools, especially of the 
fancy order, such as BerUn wools ; in brewing, in drug ex- 
tracts, and in cleaning and washing purposes. Great waste 
of soap and detergents is obviated when pure water is used. 

The purification of water for boiler feed purposes is carried 
out along two main lines. 

First, by chemical means, such reagents being added to 
the water as to cause sedimentation of the impurities. 

Secondly, by the aid of heat, which reduces the power of 
water to hold certain salts in suspension. 

Thirdly, may be named filtration, by which matters held 
in mechanical suspension may be removed from water com- 
monly termed dirty. Water of this kind will cause deposit 
in a boiler generally of a softer order than incrustation 
proper, for such mechanically suspended matter will usually 
be of a more or less clayey description. Such impurities 
will deposit in a large pond just as the muddy river Rhone 
emerges from the Lake of Geneva as a bright stream. 
Filtration is a substitute for time and area. 

Fourthly may be named a combination of the first and 
second processes, but this can hardly be claimed as a dis- 
tinct process, the addition of heat merely assisting the 
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chemical process, though it may be substituted for it in 
certain cases, such as temporary hard waters. 

Properly to clean a boiler when it is laid ofiE from work 
it should be left full of water until, with its brickwork 
foundation, it has fallen to atmospheric temperature. This 
process can be hastened by allowing air to flow through the 
flues to as full an extent as admissible consistently with not 
vitiating the draught of other boilers or unduly cooling the 
economizer. Without either of these possible inconveni- 
ences, the removal of back plates of the down take will 
help to cool the flues of a boiler. If rapid cooling is im- 
perative, the Manchester Steam Users' Association advise 
that cold feed may be introduced, while hot water is run 
out at the blow-out tap. A boiler should never be blown 
out under steam pressure if this can be avoided. Some- 
times it is necessary to do this where the boiler is below 
the drain level, as is the case with boilers set in basements. 
This can sometimes be avoided if a supply of compressed 
air is available for blowing out the water, but the combina- 
tion will be rare. An electrically-driven pump should be 
employed if a supply of electricity is available. The objec- 
tion to emptying a boiler when hot and surrounded with 
hot brickwork is that the incrustation is dried and baked 
hard, and while drying it is exposed to the action of the air, 
and may absorb carbonic acid gas from the air, and this 
will help to fix the deposit more firmly.* 

Speaking generally of hard water, the Desrumaux Co. 
state that for every cwt. of soap used, at least 80 lb. will 
be converted into the well known scum which is an in- 
soluble lime soap that settles in the texture of fabrics 
washed in hard water. Since 4 lb. of lime will soften as 
much water as 80 lb. of soap, the economy of softening is 
obvious. 

They give a table compiled from data supplied by Messrs. 
S. Sutcliffe & Sons, of Bradford, showing the soap required 
to soften 1,000 gallons of water of three different degrees 
of hardness. It is calculated on the basis of 2^ ozs. of soap 
per 100 gallons per degree of hardness, or 1 lb. 9 ozs. per 
1,000 gallons at ISs, 8d. per cwt. This represents a loss of 
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S^d, per degree of hardness. The insoluble lime soaps 
formed in fabrics cannot be completely removed, even by 
vigorous treatment, and good dyed tints cannot be obtained 
with hard water washed goods, nor can white goods be 
prepared. The lime soaps give a yellow tint and also stick 
to dirt. 

As compared with the cost of boiler compositions, one 
chemist states that where it cost £177 per year to soften 
33,000 gallons a week from 11° of hardness, the cost of 
chemicals for 70,000 gallons per week was only £35 per 
year, or less than one-tenth the former cost, and the water 
formerly used in boilers only was used after softening for 
dyeing also. Hence the increase in the weekly quantity. 
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CHAPTER II 
WATER : ITS SOURCES AND IMPURITIES 

ALL water has its origin in the sea. From the sea, and 
to a less extent from lakes and from land surfaces, 
the sun raises vapour to form clouds, and the condensation 
of this vapour produces rain, and this is the only natural 
source of so-called fresh water. In its descent to earth the 
rain dissolves from the atmosphere some of its constituents, 
notably carbon dioxide gas— CO^ — of which four parts in 
10,000 of the atmosphere consists, i.e. 00004. This 
gas is the chief agent in producing incrustation, because it 
enables water to dissolve certain salts of lime and of mag- 
nesia. In manufacturing localities the rain also clears 
the atmosphere of the acids produced by the combustion 
of coal, of ammonia, and of solid matters such as soot and 
wind-raised dust ; but these latter impurities are not of 
serious importance from a steam user's point of view. Hav- 
ing fallen to earth, rain at once seeks lower levels, and finds 
them by sinking into the soil by gravity and absorption, 
or by travelling over the surface into streams and rivers. 

Approximately of the rain which falls one-third runs ofiE 
the surface into the rivers, one-third sinks deeply, and one- 
third is re-evaporated. 

In traversing the surface, water dissolves a portion of 
the rocks and earths with which it comes in contact, and 
the same when it sinks to deeper levels and then travels 
gradually towards the sea along the rock planes. The 
character of the water in any district is thus determined 
by the rocks with which it has come into contact. In 
Great Britain the surface rocks are of great diversity. 
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Grenerally they consist of alternations of clays, sands and 
limestones. The strata forming these islands are much 
disturbed and inclined downwards at a considerable angle. 
A study of the Geological Map of England will show that 
roughly each distinct stratification dips towards London, 
the outcrops lying in approximately concentric bands struck 
from a locus of centres between Dublin and Belfast. The 
various strata dip successively one below another, so that it 
may be inferred within limits that a hole bored at any spot 
will reach successively the strata Ijong progressively to the 
north-west of that spot. Faults and dislocations and the 
occurrence of rocks which do not outcrop upset this general 
scheme to such an extent that every case must be con- 
sidered by itself in the Ught afforded by proved geological 
facts, assisted by experience and aided by the general prin- 
ciples enunciated. The rapid alternations of strata produce 
an equally rapid change in the character of the waters 
obtainable in different areas about the country. 

Speaking generally of the five main divisions into which 
the rocks may be divided, it may be said that these are Clays 
and Marls, Sands, Limestones and Granites. 

The clays — ^including slates — and marls are not them- 
selves soluble, but frequently contain soluble salts, which 
are dissolved out by water. The marls often contain lime 
salt such as gypsum or sulphate of lime — CaSO^ — ^which is 
absorbed by water. The clays are represented by the Lon- 
don Clay, the Gault Clay, the Lias Clay, Kimmeridge Clay, 
Weald Clay, Oxford Clay, etc. Slates are clays metamor- 
phosed by heat and pressure, and so are the shales of the 
coal measures. 

The marls are represented by the Old Red Marl and the 
New Red Marl, both of which contain gj^sum, €Uid by 
the marl of the Permian Beds, etc. 

The sands are represented by the Bagshot Beds found on 
the highest points of the London Clay area as Hampstead, 
Highgate, Epping, Laindon Hill, etc. ; by the Lower Green- 
sand, the various beds of the New Red Sandstone, the 
Permian Beds, the many beds of the Carboniferous series, 
the Old Red Sandstone, and many of the older rocks. 
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The representatives of the limestones are the Chalk, the 
OoUtes, the Magnesian limestone, the Carboniferous lime- 
stones and many beds in the older rocks. 

Granite occurs at the surface only in the west of the 
country, or in upheavals, as in the Chamwood Forest 
district. 

Wherever there is lime in any form there will be hard 
water. Naturally soft water occurs with the sandstones 
and granites and the purer clay. Some of the water from 
these rocks is so pure that it requires no further purification. 

Thus the water supply of Glasgow is taken from Loch 
Katrine, fed with rain that has fallen on non-cretaceous 
rocks, and it is quite soft. The old supply of Manchester is 
obtained from the Longdendale valley, which is superficially 
of millstone grit, and the only impurity of any consequence 
to the boiler user is a small amount of peat acid acquired 
from the peat which occurs upon the gathering ground. 
Many other of the northern towns have a public water supply 
which approximates closely to that of Manchester in origin 
and character, while Birmingham has obtained similar water 
from a higher barren tract of land in Wales of Silurian rock. 

The coal measures, while yielding pure water from the 
sand rocks, will often produce very bad water in the region 
of the coal itself, water of very corrosive acid nature. No 
natural water is perhaps better than that from the Millstone 
grit, e.g. the Manchester supply from Longdendale. 

A river water does not necessarily bear the character of 
the rocks over which it runs. The Millstone Grit and the 
Carboniferous limestone being contiguous rocks a river 
may be found running over one of these rocks, while its 
chief sources may have been the other rock. Thus the 
course of the Derwent in Derbyshire is almost wholly upon 
the rocks of the carboniferous period, yet it is largely fed 
from the area of mountain limestone of which middle Derby- 
shire consists, receiving as tributary the Wye, which with its 
sub-streams the Lathkill and Bradford, drainj^the Peak 
district. The Derwent is thus by no means a soft water 
river. Similarly the Thames, which runs over a clay country, 
passes through a chalk area west of London and contains 
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some 20 grs. per gallon of lime carbonate. Again, wells 
bored in a sandstone or a limestone area do not necessarily 
yield water of a character corresponding to those rocks, for 
the borehole may have penetrated into lower rocks of a 
different order, as for example the nimierous artesian wells 
in London which penetrate the London Clay and the lower 
Tertiary Beds and obtain their water from the Chalk. At 
the same time many of the chalk wells of London obtain 
their supply from water which has reached the chalk through 
the superincumbent bed of Thanet Sand, usually 30 to 40 
ft. thick. When this is the case the chalk wells of London 
yield a water of small hardness, but apt to be heavily charged 
with salts of soda. It was hoped at one time to obtain 
really soft water at about 1,100 ft. depth in London from the 
Lower Greensand formation, but this expectation was dis- 
appointed, and at that depth much older rock, probably of 
Devonian age, was touched, and further evidence from sub- 
sequent deep borings at Crossness, Streatham, Harwich, 
Ware, Stutton, Kentish Town, Tumford, Culford, etc., and 
the coal borings at Dover, has demonstrated that a ridge of 
old rocks runs beneath London and south-eastern England 
and has interfered with the deposit of newer rocks. The 
nearest artesian well to London which has obtained water 
from the Lower Greensand is that at Winkfield, near Windsor, 
which touched the Greensand at 1,234 ft. below surface, 
entered it to 1,243 ft., and produces a flow of water which 
rises to 7 ft. 8 in. above the surface, or to about 225 ft. above 
ordnance datum. This well, sunk under the Author as 
engineer, probably draws its supply from rain which falls 
upon the outcrop of the Lower Greensand in the locaKty of 
Leighton Buzzard. 

In this case the borehole was started upon a surface of 
London Clay, penetrated the chalk beneath and the gault, 
and only extracts any water from the Lower Greensand, and 
the water is soft. The instances cited will be suflBcient to 
show to steam users that a merely superficial examination 
of their particular environment is insufficient on which to 
found a poUcy of water supply. 

In originating a new manufactory it is too frequently the 
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custom to consider everything except the water supply, and, 
when the money^is spent and buildings have been erected, 
the water supply Js taken^in hand and may prove far more 
difficult a problem than anticipated. In a ease familiar to 
the Author, where a pure supply of water was imperative, 
the same course of action was followed out. A boring was 
then made, and at 1,100 ft. below surface a supply of useless 
salt water was obtained andj necessitated heavy payments 
for water from a source out of the control of the factory. 
Though dealing with the treatment of water the advice of 
the Author is to secure a supply, if possible, that does not 
require to be treated. This ideal water is rarely to be 
obtained, and treatment must be resorted to, but there must 
be frequent instances where, of two or more sites, one can 
be shown to contain better prospects of a suitable water 
than the others, not merely in respect of quantity, but also of 
quality. , 

This point is emphasized because the^strata^ in Great 
Britain are often so disturbed that a very small difference of 
site may be of the utmost importance in respect of the 
artesian prospects, and the experience of the author in his 
capacity of Hydro Geologist has shown him the need for 
very careful investigation, especially in parts of the country 
geologically faulted. In order to determine the prospects 
of a supply and its quality it is necessary to make a close 
examination of the locality both in regard to levels and to 
geological conditions. Needless to say the water diviner's 
art is not reUable, though probably some men who affect to 
discover water and make frequent apparent successes have 
real geological knowledge, and they easily undergo their 
facial contortions and cause their mystic twig to jump at 
just such points as fit with their preconceived ideas or actual 
knowledge. Their failures are more numerous than those 
made by skilful engineers who study the site by light of geo- 
logy, and often they will ignorantly diagnose ample water 
supply over hundreds of feet of impervious clays. 

While for very large water supplies large dug wells are 
sunk withextensive galleries or headings driven as deeply 
as possible below water rest level, these wells are difficult 
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and costly and involve heavy pumping or the compressed 
air system of working. 

In most manufacturing establishments a bored tube well 
will be found sufficient. These are lined with steel tubes 
driven tightly into the strata and extending preferably 
below the point at which the water stands during pumping. 
When the water is below suction reach from the surface a 
long deep well pump is hung down the borehole. Fre- 
quently a borehole may tap water in more than one rock 
formation, and the water from each may be of different 
quality. The less desirable quality may be shut out if there 
is an ample supply of the more desirable. Unless of great 
depth and expense an independent water supply will usually 
be cheaper than a public water supply. But some of the 
public companies pumping hard water put it through the 
Porter Clark process and soften it before passing into their 
distribution mains. 
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CHAPTER III 
THE SALTS CONTAINED IN WATER 

THE salts usually responsible for the incrustation in a 
boiler are those of lime and magnesia. These salts, 
in the form of carbonates, are but slightly soluble in water, 
but as bicarbonates they dissolve freely. It is usual to 
state that carbonate of lime and of magnesia are soluble in 
water only in presence of an additional quantity of carbon 
dioxide gas. The fact that this gas is disengaged by boiling 
in the proportion of its chemical equivalent seems to show 
that it is as bicarbonates that the salts named really dis- 
solve. The salts of lime and magnesia are the carbonates 
and the sulphates, and the treatment of boiler feed water 
consists, in the main, in getting rid of these two or four salts 
more or less completely. 

It is necessary therefore to describe these salts and other 
impurities of feed water and to acquire some knowledge of 
their characteristics and general properties, before the 
method of their removal can be understood. They are as 
follows : — 

Carbonate of Lime or Calcium Carbonate CaCOa, or better 
to indicate its formation CaO,C02, is the substance that is 
formed when lime unites with carbon dioxide gas. Lime is 
the oxide of the metal calcium and is a white powder which 
greedily absorbs carbonic acid gas thus — Lime=CaO + 
Carbonic acid=C02=CaC03 as above. This salt of lime 
is very sparingly soluble in water, but if a second molecule 
of carbonic acid gas be added the salt readily dissolves. 

Thus CaO + CO,+CO,=Ca02(CO3). 
13 
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In nature, lime carbonate is widely spread and constitutes 
the bulk of the chalk and of the mountain limestone forma- 
tions, and is indeed the main constituent of all limestone 
rocks, marbles, etc. When dissolved as bicarbonate 
there is supposed to be present also a molecule of water, 
=H20, so that dissolved lime carbonate has the formula 
CaO,H20,2C02. 

The attachment of the additional molecule of carbon 
dioxide is but feeble, and the application of heat is sufficient 
to drive it off and render the remaining carbonate of lime 
insoluble. Thus it is that when a lime carbonate water that 
has been gradually heated in an economizer enters a boiler, 
it often throws off at once the additional molecule of COa 
and deposits lime carbonate crystals, CaCOa, about the feed 
inlet. A small quantity of carbonate remains in solution 
to the extent of only 0«03 per 1,000 of water, corresponding 
to 2«1 grs. per gallon (10 lb.). 

Pure carbonate of lime does not produce a scale of great 
hardness at first, but it hardens with heat and drjoiess. It 
is recognizable by the peculiar and characteristic appearance 
of the crystals of lime carbonate under the microscope. If 
a carbonate water be heated very quickly the lime salt is 
more likely to be deposited as mud. When slowly heated 
the lime salt forms the well known mineral calcite, and, 
according to Stromeyer, this constitutes a hard scale. It 
may do so when baked or when exposed to even gentle 
heating for some time as on a boiler bottom, but when, as 
frequently happens, the passage of such a water through an 
economizer just suffices slowly to raise the water to deposit- 
ing point, the calcite crystals will separate out upon the per- 
forated feed inlet pipe, and upon the boiler side near the 
open end of a feed pipe, in large pulverulent masses of 
slightly adherent crystals. The deposit has somewhat the 
appearance of a reddish sandstone, but the calcite is easily 
distinguishable by the microscope. A boiler must be 
opened up before its usual time in many cases to clear the 
feed pipe of the obstruction to the flow of water. The 
openings to water-gauge taps also become incrusted, and 
may give rise to dangerously delusive gauge appearances, 
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Indeed it is probable that these dangers have been dimin 
ished largely because a glass gauge is a condenser and main- 
tains a constant stream of soft water back to the boiler 
through the lower taps. To intensify this effect copper 
bulbs are sometimes connected above the upper fitting for 
the purpose of pouring a steady stream of pure con- 
densed steam down the gauge glass and through the lower 
cocks. 

When other salts are present the scale is modified. The 
molecular weight of lime carbonate is 100, its specific gravity 
is 2«7. It combines with 44 parts of carbon dioxide, CO2, 
to form bicarbonate. If to water in which calciimi car- 
bonate is dissolved by the influence of an excess of carbonic 
acid there be added 56 of lime = CaO for each 100 of lime 
carbonate, CaCOa, held in solution by 44 of carbonic acid — 
COa — there will be a total of 200 of simple lime carbonate 
formed. The lime joins with the carbonic acid gas to form 
carbonate of lime. 

Carbonate of magnesium, MgCOa, is the same salt relative 
to magnesium that carbonate of lime is to calcium. Its 
molecular weight is 84, its specific gravity is 2*94. It is 
usually found in nature in combination with carbonate of 
lime in the shape of a double salt known as dolomite. The 
behaviour is generally similar to that of lime carbonate, but 
because of the smaller atomic weight of magnesium com- 
pared with calcium the molecular weight is less, and 84 of 
magnesium carbonate requires an equivalent of 100 of cal- 
cium carbonate. Some authorities state also that mag- 
nesium carbonate is decomposed by heat into magnesium 
hydrate and carbon dioxide thus, MgH202 + COa. 

It is soluble in water to the extent of 0-02 per cent. = 14«00 
grains per gallon. 

The salt next in importance, and even more troublesome, 
is the sulphate of lime, CaS04, or CaO,S03. This salt is 
found in the keuper marls of the new red series and in the 
old red marls as gypsum. It was also found in the sub- 
wealden boring in Sussex, and it forms the salt in the waters 
of Burton-on-Trent which gives the special character to the 
Burton Ales. 
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Sulphate of lime, or gypsum, is found as a hydrate in 
nature, and if burned or dehydrated it again unites with 
water to form plaster of Paris. As a boiler incrustant it is 
hard and adhesive. In boilers at Burton-on-Trent the scale 
is of a glistening white, but underneath the scale the iron 
of the plates and rivets is corroded and oxidized. The 
sulphate is readily soluble at ordinary temperatures in 
water, the solubility at 34° C. = 93° F. being 0-212 per cent, 
or 148-4 grains per gallon. At the boiling point, 100° C. = 
212° F., the solubiUty has fallen to 0-162 per cent, or 113-4 
grains per gallon. 

In sea water there is considerable gj^sum, the solution 
being assisted by common salt. The molecular weight of 
sulphate of lime is 136, its specific gravity is 2-927. 

Sulphate of lime makes a hard scale because it does not 
deposit until compelled to do so by concentration. At the 
temperature due to high pressures water will dissolve, accord- 
ing to Stromeyer, 20 grains per gallon. Then, if the boiler 
be let down somewhat, some of the scale redissolves until, 
when cold, there are 170 grains per gallon, and this process 
loosens the scale, which can be more readily removed wet. 
If allowed to dry the concentrated solution in the body of 
the scale simply crystaUizes and cements the mass hard. 

The slowness with which the sulphate deposits is the 
cause of its adhering so firmly to the plates. 

When there is sulphate in the scale it is doubly important 
promptly to wash out the boiler while still wet, and to keep 
it wet by successive sluicing with the hose while in process 
of cleaning. As sulphate is fairly soluble in pure water the 
use of a soft water should soon begin to tell on old sulphate 
scale, which will ultimately be quite removed or disinte- 
grated. 

Sulphate of magnesia, MgS04, is the salt of magnesia 
which corresponds with the sulphate of lime. Its molecular 
weight is 120 and it is very soluble in water. The formation 
in nature of this salt is said to be due to the action of lime 
sulphate water on carbonate of magnesia, the result being 
carbonate of lime and sulphate of magnesia, but this action 
is reversed when hot and there is produced sulphate of lime 
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and magnesium carbonate from carbonate of lime and sul- 
phate of magnesium. 

The solubility of the salt is 24-7 per cent, at 0° C. = 
32° F. and 132-5 per cent, at 105-5° C. =222° F. Its specific 
gravity is 1-751 in crystal form. 

Waters containing salts other than the above salts are not 
widespread. Chloride of sodium or common salt, NaCl, is 
found plentifully of course in the sea and in the salt districts 
of Cheshire and Worcestershire. Nitrates and chlorides are 
particularly pernicious in that they produce in the presence 
of the magnesium salts a deposit of hydrated carbonate of 
magnesium which is not soluble, and of hydrochloric acid 
which, in its nascent state, is particularly destructive of 
boiler plates and tubes. At high pressures and tempera- 
tures this action is particularly marked, and has put out of 
use water that was more or less admissible in the time of 
lower pressures. High temperature in fact appears to ex- 
ercise a peculiarly bad effect in decomposing the salts of 
magnesia and the chloride of sodium, and such waters 
should be avoided if possible. 

In table I will be found a list of the chemical and physical 
properties of the chief impurities of water, and of the sub- 
stances employed in purification and formed in the processes 
of treatment. 

Speaking in a general sense the treatment of water for 
scale prevention is carried out along two lines. 

In one, some substance is added to the water which causes 
the scale forming salt to become insoluble, when it may be 
precipitated or filtered out. 

In the other a salt of small solubility is changed into 
one of high solubility which will a»ccumulate in the boiler 
without crystallizing out imtil such time as the solution 
becomes very dense, when the boiler must be wholly or 
partially emptied. 

The first method is that most commonly practised because 
the commonest form of incrustation is the lime carbonate, 
CaOCOa. Dr. Clark, who discovered the process, has given 
his name to it. 

It depends upon the solubility of bicarbonate of lime in 
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the feed water, the insolubility of carbonate of lime and the 
affinity of lime hydrate for carbonic acid gas. River and 
spring and other natural waters can hold bicarbonate of 
lime in solution to a considerable extent. A quite usual 
quantity is 20 grains per gallon = t^^Vu ^^ ^"^^ P®r cent. 
Table I shows that carbonate of lime has only about one- 
tenth this solubility. Dr. Clark reasoned that if he added 
hydrated caustic lime, CaOH20, to water containing bicar- 
bonate of lime in solution he would convert the soluble 
bicarbonate into insoluble carbonate, for the hydrate would 
greedily absorb the second molecule of carbonic acid gas, and 
it would change itself also into insoluble carbonate. Thus 
both the lime salt naturally present in the water and that 
artificially present would become insoluble carbonate and 
would precipitate together. 
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CHAPTER IV 
THE REACTIONS OF SALTS IN SOLUTION 

UPON the reactions which occur between various salts 
in solution depends the purification that ' can be 
effected. This reaction, as it relates to the use of lime as a 
reagent, has already been referred to^ in Chapter III. 

Expressed in chemical notation the action is as here re- 
presented. Under each substance is placed its formula and 
its equivalent weight, so that the whole process may be 
-traced out. 

Bicarbonate of Lime. + Slaked CauBtic Limo. 

j'CaCCOs+COal [CaOH,0] ^ 

<■ Soluble. J I Soluble. ) 

CarboDAte of Lime. -f Water. 

f2[CaO,CO.]] [H,0] 

I 2x100 f 1 18 I 

[ Insoluble, j [ J 

In this reaction a weight of 100 of carbonate of lime is held 
in solution by 44 parts of carbonic acid. There is added 66 
of caustic lime hydrated with 18 of water. The 66 parts of 
lime seize the 44 parts of carbonic acid and convert them- 
selves into 100 parts of lime carbonate. The loss of the 
extra 44 of carbonic acid leaves 100 parts of the original 
matter now insoluble and 200 parts of a chalky mud are 
precipitated. The process is very effective and it is the 
cheapest known. 

When water is analysed for carbonate of Ume the extra 
molecule of carbonic acid does not appear, and the analysis 
is stated in terms of simple carbonate only or CaOCOj ; = 
molecular weight 100. 
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Similarly in preparing lime water for treatment no notice 
is taken of the hydration water, but the dry lime is taken 
just as fresh burned as possible. Thus for each 100 parts 
of carbonate of lime there are required 56 parts of freshly- 
burned unslaked lime. 

• It is known, say, that a feed water contains 20 grains per 
gallon of carbonate, and the water consumption is 10,000 
gallons per day. Then 10,000x20-^7,000 = 29 lb. nearly 
of dry scale per day that would be deposited in the boilers 
or economizers, etc. 

This figure multiplied by— ^- or 29x56-^100 = 16-24 

lb. of dry caustic lime necessary to soften 10,000 gallons 
of water. The result would be nearly 60 lb. of chalky mud 
when dry. 

Bicarbonate of lime, though given in Table I as an anhy- 
drous salt, and it may be so considered for convenience, is 
not known in that form. It is supposed only to exist in 
water charged with carbonic acid, and its formula then ia 
CaO,H20,2COa = 162. When boiled the extra volume of 
COj is driven off, and the carbonate, now no longer soluble, 
becomes mud or scale. Some processes of water softening 
employ heating in a convenient vessel in which the scale 
deposits harmlessly and it can be removed at convenient 
times. 

Carbonate of Magnesia. 

Next to carbonate of lime the common scale-forming 

salt is carbonate of magnesia. Except that its molecular 

equivalent is 84 instead of 100 its action is the same as that 

of lime carbonate, but more caustic lime is necessary to 

precipitate it in the ratio of course of 100 : 84. 

109 
Thus each 100 of carbonate of magnesia demands 56 x — 

= 66'66 of caustic lime to absorb the excess of COj, the result 
being a deposit partly of magnesium carbonate and partly 
of lime carbonate. Expressed in formula as in the previous 
case — 
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[Mg.C03 + C0,] + [CaO]l 

(84 + 44) + (56) J"" 

r5C03 + CaC03 

84 + 100 

a total deposit of 184 takes place where 200 took place in 
the case of lime carbonate. 

Carbonate of magnesia usually occurs with lime, and the 
two are treated together. 

When water charged with carbonate of hme enters a boiler 
the water being already hot, and the boiler being, at say, 
360° F., the deposit of the lime is very rapid. It crystallizes 
around the feed pipe and on the side of the boiler close by, 
and soon chokes the feed pipe perforations. This is one 
reason why water ought to be treated outside the boiler. 

If carbonate of magnesia be present it often separates 
out as a fine flour which floats for a time on the surface of 
the water, is often carried off in priming water, but is pecu- 
liarly dangerous when the feed water contains grease. 

[Fortunately when waters are greasy they have often been 
purged of all scale-forming matter, coming as they do from 
surface condensers.] 

The floury deposit combines with grease to form a pecu- 
liar spongy substance, which will collect into balls and 
sometimes wiU collect on furnace crowns. Being a non- 
conductor of heat such a deposit on the furnace crown will 
cause overheating and collapse of the plates. Grease must 
be avoided at all costs, for magnesia may still find its way in 
by way of the making up water. 

Except that magnesium carbonate decomposes at high 
temperatures into carbonic acid and the hydrate, the beha- 
viour is that of lime. This one difference is not of import- 
ance except so far as that the effect takes place in the 
feed pipes and chokes these with a sort of gelatinous paste. 
It is to avoid this effect that water is recarbonized in the 
Archbutt-Deeley process to enable it to absorb or avoid 
such deposits. Water fully satmrated with carbonic acid 
can absorb as much as 70 grains per gallon of lime carbonate. 
Distilled water, says Mr. Archbutt, will only dissolve 1-3 
grains per gallon. 
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He has rarely found more than 5 to 6 grains of carbonate 
of magnesia, occasionally twice this quantity, and once 28*8 
grains. 

He also states that sufficient lime must be added to a 
magnesia water to decompose the carbonate of magnesia 
into hydrate thus — 

MgCOa-hCaOHjO = MgO.H,0+CaCO,. 

Soluble. InBoluble. 

This, if done, implies an additional quantity of lime of 
66*66 lb. for each 100 of magnesia carbonate, or just double 
in all what the first calculation gives, i.e. 134 of dry caustic 
lime per 100 of magnesium carbonate. This is advised 
because it is considered that the carbonate is much more 
soluble than is lime carbonate, but the hydrate is insoluble 
or nearly so. This further treatment demands the recar- 
bonating of the finally treated water, which converts all 
remaining lime and magnesia, into the soluble bicarbonate. 

In the year 1858 Dr. Angus Smith, F.R.S., was asked to 
investigate the waters used in and around Manchester on 
behalf of the Manchester Steam Users' Association, and his 
report was issued in 1869 and has since been reprinted. 
This report is given in the appendix, but it must be noted, 
of course, that the one line of chemical symbols is not written 
on present day notation, the accepted atomic weights being 
now diflFerent. 

The most usual salt in hard water being carbonate of lime 
or of magnesia, so is hme, quick or caustic, CaO, the most 
usual reagent. The proper quality of lime to employ is that 
known as fat — that is, it is a pure hme free from clay or argill. 
Dorking grey lime, made from the lower chalk, is partially 
hydraulic, and therefore unsuitable. The upper chalk will 
produce white or fat lime, and so also does the carboni- 
ferous limestone of Derbyshire, the lime from which is sold 
under the generic name of Buxton lime. 

In using lime it must be stored carefully, and should be 
contained in an air-tight vessel or it will absorb carbonic 
acid from the air. It is usual to slake it with water suffi- 
cient to form a paste the day before use. If the operation 
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of softening is done by hand there should be two tanks, each 
holding not less than a day's supply for use alternately. 
The proper weight of lime for one tank of water after slaking 
is to be further mixed with water to a creamy consistency, 
emptied into the tank and thoroughly well stirred together 
with the deposit, some of which must always be left in the 
tank from the previous operation, as the presence of this 
deposit facilitates the sedimentation of the new deposit. 

When mechanical apparatus is employed the lime is mixed 
either as milk of lime or as lime water. Milk of lime is more 
or less uncertain in its composition according to the vigour 
with which it is kept agitated. Lime water is a certain 
product which contains just so much lime as water will 
absorb, and it is thus nominally a simple matter to divert a 
suitable proportion of a given stream of water through a 
vessel of lime, such proportion being fixed at what will carry 
the amount of lime necessary to soften the whole. 

Thus when lime is present in abundance a passing flow of 
water will take up 1*3 grams of lime, CaO, per Utre or 01 3 
per cent. As in commercial lime only a part is effective it 
is necessary to provide more lime to the extent of about 
30 per cent, more or less. The use of lime water demands 
that for each degree of temporary hardness about 065 per 
cent, of lime water must be employed. This impUes the 
division of the stream of water in ordinary cases in the ratio 
of 1 : 10, but while this may present some inconvenience, 
yet it enables graduation to be better effected, and is easily 
managed in mechanical apparatus of the continuous order. 

Soda. 

This reagent exists in many forms more or less pure. In 
its caustic state, as NaHO, it is a solid crystalline substance 
dangerous to handle and very destructive to the skin, and 
dangerous to the eyes. 

Soda Ash is nominally Carbonate of Soda, Na^COa, anhy- 
drous, and is rated commercially on its percentage contents 
of Na^O. 

Dissolved in water it crystallizes, when evaporated gently, 
with 10 parts of water and becomes soda crystal or common 

23 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 

washing soda, NagCOg + lOHaO, of which only 106 parts out 
of 286 are carbonate of soda, and only about 21 per cent, is 
rateable as alkali or NagO. 

Caustic soda must be kept from the air as carefully as 
lime, or it will become carbonate, and being also hygroscopic, 
will ultimately convert itself into crystal soda. 

Magnesia as a Re-agent. 

As with lime, so also with magnesia, may both lime and 
magnesia carbonates be thrown down. Thus — 

Lime Lime Magnesia 

Bicarbonate Magnesia Carbonate Carbonate Water 

fCaO,2C02 + MgCHaO = CaCOa + MgCOa + HaO 

( Soluble. ' N-— ' 

Insoluble. 

and — 

Magnesia Carbonate of 

bicarbonate. Magnesia. 

Mg02C0, + MgO.HjO = 2MgC03 + H^O 

Soluble. Insoluble. 

A reaction not much recognized is claimed for the pre- 
cipitated carbonate of magnesia, namely, that if sulphate of 
calcium be present in the water the magnesia deposit will 
act upon it as follows : — 

MgCOa + CaS04 = MgS04 + CaCOa 

forming insoluble carbonate of h'me precipitate and soluble 
sulphate of magnesia. 

If no other salts are present than the sulphate and car- 
bonate of lime, the employment of the magnesia reaction 
should produce complete purification when the ratio of 
carbonate and sulphate lies within certain limits. But as 
already stated, magnesia must not be employed where even 
small quantities of chlorides are present by reason of the 
acid corrosion which will result. 

All the magnesium salts except the bicarbonate produce 
permanent hardness, and they are also with that one 
exception very soluble. They are nitrates, chlorides 
and sulphates, and they destroy soap. 

By means of caustic lime and soda ash Stromeyer says 
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all the magnesia salts can be converted into insoluble 
hydrate, with the formation of carbonate of lime, etc. 

Though lime is so cheap an agent, the ordinary boiler user 
pins his faith on some salt of soda or more rarely of potash. 

Hydrated caustic soda, HNaO, or hydrogen sodium 
oxide has, like caustic Ume, a powerful affinity for carbonic 
acid gas, and will deprive bicarbonate of lime of the extra 
molecule of the gas, thus — 

Ca02C02 + 2HNaO=CaC03 -i-NaaCOa 4-H2O. 
The carbonate of soda is very soluble, and it also possesses 
the power of decomposing sulphate of calcium, when the 
following interchanges occur — 

NaaCOa + CaSO* =CaC03 + NaaSO*. 

The last salt, sulphate of soda, remains in solution, and 
can only be dealt with by blowing out so as to avoid undue 
concentration. 

Sulphate of magnesia will be similarly acted upon with 
formation of magnesia and sodium sulphate. 

Caustic soda, however, is a much more expensive salt 
than caustic lime, and is not much employed. In general 
good practice carbonate of soda is employed in combination 
with caustic lime, thus — 

NaaCOa -hCaOH20=CaC03 +2NaH0, 
the soda being rendered caustic by the lime, which is con- 
verted into insoluble carbonate, and the caustic soda pro- 
duced then acts on any carbonate present, and becoming 
itself carbonate, is ready to act on lime sulphate and con- 
verts itself into sulphate of soda. A sufficient explanation 
of the double effect will be found in Dr. Angus Smith's 
report in the appendix. 

Soda and Potash as Carbonates. 

Carbonate of lime may be precipitated by carbonate of 
soda in a continuous manner. The following reactions are 
considered to occur. 

In the first place carbonate of soda — 

Na22C03 +Ca02C02 +H20=Na402,H20,3C02 +CaC03. 
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The soda ^alt is presumed to be in the foim of sesquioxidc 
and to decompose into NaaCOa +H2Na22C03, and then into 
{Na22C03)+C02H-H20. 

The carbonate of soda appears topossess the property of 
depriving the carbonate of lime of' the excess of carbonic 
acid which keeps it in solution. The highly carbonated soda 
salt then throws off the carbonic acid free and attacks a 
fresh quantity of lime carbonate. Its action is thus succes- 
sive and cumulative. 

With sulphate of lime and carbonate of soda or potash 
the result is carbonate of lime and sulphate of soda, or 

CaSO* +Na2C03=Na2S04 +CaC03. 

Soluble Insoluble 

Soda has also a decomposing effect on calcium chloride, from 
which it produces sodium chloride and carbonate of lime as 
below — 

Na2C03 +Caa2=CaC03Na2Cl2. 

Soluble. 

The foregoing are the chief reactions in ordinary use, and 
this is accounted for by their general low cost rather than 
by their effects, for there are equally good and eyen better 
effects to be produced by other reagents, which however are 
too costly for regular trade purposes. 

Barium Aluminate. 

One of the best reagents is the double salt of barium 
and aluminium, Al203BaO. With carbonate of lime the 
reaction is as follows — 

AlaOgBaO +CaO,H202C02=CaC03 +BaC03 +AI2O3H2O. 
All the salts which result from this reaction are very 
insoluble and are precipitated. So with calcium sulphate 
the reaction is — 

CaS04 +Al203BaO=Al203CaO +BaS04. 

Thus no salt is formed which remains soluble, and water 
may thus bo purified completely by the aid of this double 
salt of barium and aluminium. 
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Silicate of Soda. 

THIS salt will precipitate lime carbonate with formation 
of a gelatinous silicate of lime and carbonate of soda, 
thus — 

Si.OaNaa +Ca02COa=Si03Ca +Na2C03 +COa, 

carbonic acid being set free. If sulphate of lime be also 
present, the carbonate of soda formed in the above reaction 
then serves to decompose the sulphate as well perhaps as to 
act continuously as explained on lime carbonate. 

Silicate of soda may be used on a simple Ume sulphate 
water, thus — 

NaaSi.Oa +CaS04=Na2S04 +Ca.Si.03. 

M. Taveau says that 600 grammes of silicate of soda solu* 
tion of 36° Beaum6 per horse-power if renewed every'month 
will disincrust most ordinary waters. 

Oxalate of Soda. 

This salt is expensive, but is a good reagent. It forms a 
precipitate of calcium oxalate of a particularly insoluble 
nature. Thus — 

NaaCA +Ca,02C0a H-CaS04=2[CaC02 H-COa] + 
NaaCOa +Na2S04 +CO2. 

The potash oxalate K22[C02]2 has a similar action. 
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It has been proposed in Germany to employ chromate of 
soda or potash as a reagent for both lime carbonate and lime 
sulphate. Thus for chrome potash — 

Ca02C02 +Cr04Ka=CaCr04 +KaC08 +CO2. 

For Ume sulphate the reaction is — 

CaSO* +K2Cr04=CaCr04 +K2SO4. 

The chromate of lime is insoluble, but the process is out of 
the range of practice, for the chromic alkalies are expensive 
and moreover have a very high molecular weight, and to 
precipitate a molecule of Ume carbonate of the weight 100 
one molecule of chrome potash would be required of which 
the molecular weight is 194-5. 

In many of the reactions shown in this and the preceding 
chapter it will be noted that a salt which has precipitated 
one impurity has itself changed, so that it is now in a form 
to attack a second impurity. Thus caustic soda will attack 
carbonate or rather bicarbonate of lime and cause it to pre- 
cipitate, and the caustic soda becomes carbonate of soda, and 
will then precipitate lime sulphate in the form of carbonate, 
and only sodium sulphate is left in solution. 

Thus CaO(C02)2 +2{HNaO)=Na2C03 +CaC03 +H2O, 
whence CaSO* +Na2C03=CaC03 +Na2S04. 

As explained in Dr. Angus Smith's report {see Appendix 
No. 1) a water containing both carbonate and sulphate in 
the ratio of 100 of carbonate to 136 of sulphate (the mole- 
cular weight ratios) can be exactly treated by this method. 
If the carbonate is in excess the excess of carbonate is to be 
more cheaply treated by caustic lime. If the sulphate is 
in excess an additional amount of carbonate of soda must 
be added. The subject is fully dealt with in the report 
referred to. 

Alum and Alumino Ferric. 

When a water contains organic matter, as will be the case 
if it is sewage polluted, or if it comes from an ordinary 
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river flowing under healthy conditions, and therefore more 
or less charged with the germs of green plant life, it will be 
found more difficult to soften than a water from an arte- 
sian well of the same degree of mineral impurity. With 
such waters it is usual to add a very small amount of some 
chemical having the power of coagulating organic matter. 
Such a substance is alum, AI2K24SO4+24H2O. This is a 
double salt of aluminium and potassium, and is known 
otherwise as potash alum. Added to water together with 
the usual reagents it coagulates the organic matter, and 
this facilitates the deposit of the newly-formed lime 
precipitates. 

Alumino ferric, is an aluQi in which AljOa is replaced by 
Fe203. Its name is misleading, for it should rather be 
called potassia-ferric, for it contains no alumina. It is 
powerfully astringent and is employed not only to coagulate 
organic matter as described, but also in the process of sepa- 
ration of oil from the water discharged from surface con- 
densers. 



Heat. 

The heating of water is often made to do duty in removing 
temporary hardness, leaving the permanent hardness to be 
dealt with by soda. To this extent therefore heat may be 
almost classed as a reagent, but its complete effect is only 
secured at the atmospheric boiling point. Inside a high- 
pressure boiler water already fairly hot when it enters the 
boiler will reject its lime carbonate very promptly. 

Heat, even if only a few degrees temperature additional, 
will always facilitate the discharge of the CO2 from tem- 
porarily hard water, and render softening more complete or 
reduce the time duration of the process. 

In Chapter X will be found further remarks on the heat 
treatment of temporarily hard water, with suggestions for 
carrying this out when the use of so much steam is not per- 
missible as in non-condensing steam plants and where use is 
desirable of the heat otherwise wasted in the flue gases but 
available for feed heating. 
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Barium Carbonate, etc. 

This salt may be used for removing calcium sulphate, and, 
apart from its price, it is a most satisfactory reagent, for it 
leaves no salt in the water as does sodium carbonate, which 
changes into sodium sulphate which is very soluble, but in 
time will of course concentrate. 

Barium carbonate, BaCOs, is itself an insoluble salt and 
cannot be added in the ordinary way by solution. A large 
quantity of the salt may be dumped at once into the soften- 
ing apparatus, for no more will be taken up than is necessary 
to take up the sulphuric acid present in either the free or 
combined state. The products of the reaction are barium 
sulphate and lime carbonate, both insoluble salts. 

The barium salts being many of them insoluble, are thus 
excellent reagents. Any carbonate of Ume held in solution 
by carbon dioxide must be treated by lime. 

Barium hydrate, BaO,H20, soluble in three times its 
weight of boiling and 20 of cold water, may be added to 
reduce permanent hardness. 

In comparing this with soda Mr. McGill says that 300 
parts of soda, Na20, will reduce 271 units of permanent 
hardness. A unit of permanent hardness is 1 part of CaO 
per miUion. Soda ash at id, per lb. of true carbonate, and 
caustic soda at IJd. per lb. of true hydrate, involve a cost 
of 3-85 pence per 1,000 gallons, so that 4-25 pence may be 
taken as the outside cost per 1,000 gallon^^ 

To obtain the same result with barium 7*4 lb. of the oxide, 
equivalent to 15-2 lb. of the crystallized hydrate, or 
BaOH20 + 8H20, would be necessary. Its price would 
have to be only 0'575d. per lb. for oxide and 0*28(2. for 
hydrate to compete with soda. The lowest price yet quoted 
appears to be 3^ times these figures in Germany, and 2^ 
times at Niagara. The barijum salt may ultimately be 
electrically manufactured at cheaper rates. The use of 
barium hydrate will of course set free lime hydrate, which 
will reduce any lime carbonate present in the water to the 

1 Mr. McGill writes from Montreal, so it is to be presumed he 
means the British gallon. 
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insoluble state. Otherwise barium must be used as both 
hydrate and carbonate in proper proportions to suit the 
carbonate and sulphate of lime present. 

It tequires 163 parts of barium oxide = 315 of crystal- 
lized hydrate to deal with 66 units of permanent hardness, 
and the product will then deal with 56 of temporary hard- 
ness also. At present treatment by barium is not commer- 
cially practicable as a rule, but occasions may happen when 
it could be used with advantage. 
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SCALE AND ITS EFFECTS 

FOR any particular area of incrusted plate the presence 
of scale will seriously reduce the passage of heat and 
plates may become overheated. But if only a part of a sur- 
face be covered with scale the efficiency of the part covered 
will be reduced, but the clean part will be improved. 

To show this idea in approximate figures Mr. Stromeyer ^ 
has given the following table of temperature distribution 
in a boiler — 



TABLE I. 
Heat Distribution in Boilers. 



Sq. ft. heating 

surface per lb. 

of foel per hour. 



Flame cuid flue 
temp. F.** . 

Maximum plate 
temp. . . 

Total heat 
transmitted % 



Boiler with 

scale, 1 in. 

thick. 

Flame and flue 

temp. . 
Maximum plate 

temp. . 
Total heat 

transmitted % 



3,000 

400 





i 



i 



1 



3,000 

691 





2,421 j 1,961 ' 1,335 

396 ! 392 ' 387 

19-8 I 36-6 I 67-0 



2,484 2,070 1,471 
630 681 610 



17-6 31-8 

I 



62-4 



2 


4 


728 


426 


383 


381 


77-8 


89-2 


836 


459 


434 


389 


74-2 


87-0 



381 
380 
89-7 



384 
382 
89-6 



1 Proc. Inst. M.E,, 1903. 
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As boilers usually have 1^ to 2 sq. ft. of surface per lb. of fuel 
per hour the total loss from scale will not be so great, and 
with light work as represented by 4 sq. ft., it has fallen to 
less than 3 per cent. Still the presence of scale is harmful. 
The plates are hotter and the entry of cool air produces 
greater contraction just as the high temperature has pro- 
duced a greater expansion, grooving, and similar forms of 
corrosion are set up as a witness to the movements that are 
in progress, and these movements are producing stresses 
and gradually destroying the boiler, and this alone is a 
sujBScient reason for the use of soft water. 

Grease. 

Though introduced with a nominally clean water from 
surface condensers, grease is more of a danger than scale. 
The merest film of grease on a furnace plate will cause over- 
heating and collapse, and though water may be deprived of 
much of its grease by slow settlement and by filtration 
through sawdust, there is difficulty in removing all. Com- 
bined with carbonate of magnesia grease forms a peculiar 
spongy deposit which, if it settles on a furnace, will quickly 
produce collapse. 

Apart from the grease, however, the water from a surface 
condenser has no impurities. If mixed with a hard water 
and treated by some of the methods described, the precipi- 
tation of the lime salts will cairy with it the oil also. Con- 
denser water should apparently be carbonated, well mixed 
with groimd chalk, and then re-softened. 

Only lime carbonate would be present to be dealt with, 
and there would be no other salts to deal with. It is most 
important that no oil should enter a boiler. 

Organic Matter. 

The purification of a well water free from organic matter 
is easier to carry out than the purification of water of the 
same quality after it has fiowed down a stream. Thus the 
water of the Thames is more difficult to soften than water 
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from a chalk well of equal character, except for the organic 
life. 

The deposit of the lime salts is more slow. This difficulty 
is got over by means of alum, as already described in 
Chapter V. 

For any particular area of heating surface the loss of effi- 
ciency due to scale is given by the following table — 

TABLE 11. 
Loss OF Hbating Poweb dub to Scale. 





In. 


In. 


In. 


In. In. 


In. 


In. 


In. 


In. 


In. 


Thicknees of Scale 


A 


K>l 


I'if 


i 


tV 


i 


i 


i 


1 


i 


Loss of Heating 






















Power . . 


2% 


4% 


9% 


18% 27% 


38% 


48% 


60% 


74% 


90% 



These losses are not found to occur in boilers, because the 
whole of the boiler surface does not usually become covered. 
Still the loss is always serious apart from the stresses set up 
in the boiler plates. 

At Burton-on-Trent many boilers are fed with water that 
is heavily charged with sulphate of lime, and the whole in- 
terior of a boiler up to the water line presents a dazzling 
white appearance of great beauty. If the scale however be 
attacked with a hammer and broken away from any portion, 
as from a rivet head, the plate or rivet will be observed to be 
in a rough corroded state, very black and exuding a blackish 
liquor which is probably a compound of iron with sulphuric 
acid from the scale. 

This appearance of plates under scale is not universal, 
possibly it is an attribute of the more purely sulphate scales, 
and it might perhaps be corrected by the use of an alkali. 
But at Burton any chemical treatment is debarred so far as 
relates to any boiler supplying steam for brewing purposes, 
and chemical treatment in a boiler is frequently debarred in 
other industries also, and this is an argument for treatment 
in separate vessels. The more entirely carbonate scales 
behave differently. A carbonate water heated well towards 
boiling temperature, if then fed into a boiler at about 160 lb. 
pressure, will acquire a considerably higher temperature as 
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it travels along the feed distribution pipe and will promptly 
part with its lime carbonate, which will collect in large 
masses upon the feed pipe and immediately around, and the 
feed will ultimately become completely enclosed and choked 
as already stated. 

The presence of magnesia seems to be responsible for that 
fine floury deposit which gets itself carried over to the en- 
gines and mixes with oil in the boiler to form a light spongy 
mass that will cause the furnace crowns to come down 
should it happen to settle on them. 

The most usual scale is constantly becoming loose from 
the plates, and as constantly does it become re-cemented by 
freshly-formed scale. Most of the scale formed collects at 
the quieter parts of a boiler, which are, in the Lancashire 
type, the back end at the bottom and along the lower parts 
of each side of the shell, and in the water-tube type in mud 
drums placed out of reach of the hotter gases. But scale 
will collect in water tubes, which must eventually become 
burned as a result, for, unlike fire tubes, the scale in a water 
tube cannot automatically break away from the metal. On 
the furnace crowns of shell boilers and on fire tubes scale as 
a rule is somewhat easily detached, but the appearance of 
any boiler using hard water should be sufficient in itself to 
compel the owner to soften the water. Unfortunately 
boiler owners are too rarely acquainted with the interior of 
their boilers, and do not therefore attach sufficient weight 
to the representations of their engineers, and water softening 
is yet far from universal. Very often it is obvious that the 
scale in some parts of a boiler is merely built up of bits that 
have separated from other parts. Thus the cross tubes that 
were once so much used in Lancashire boilers have been 
found choked up with re-cemented scale of this nature. 
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WATER ANALYSIS 

THE analysis of water in its more particular aspect is of 
too special a nature to justify full treatment in a 
book of this nature. The ordinary steam user will not 
require to conduct his own water analysis. The analytical 
chemist who does such work will obtain any assistance of 
which he is in need from more strictly chemical treatises. 
In a very large number of cases the steam user who suspects 
carbonate of lime only in serious amoimt, as for example 
those cases which he on the chalk outcrop that extends 
over so much of the country south-east of the curved line 
between Hull and Dorchester, will often be able to treat the 
feed water of his district by a trial and error process, simply 
cidding progressive amounts of caustic lime to a definite 
volume of water imtil the pink reaction with phenol- 
pthaleinor the light straw colour with nitrate of silver, shows 
the alkalinity that proves a suflSciency of treatment. 

One of the methods of water analysis is that which rests 
on the power possessed by soap of rendering water frothy 
when the water is pure, and of not producing a lather so long 
as any earthy salts are held in solution, particularly those 
of hme and magnesia. The soap solution is made of a 
certain fixed strength, so that each unit of the solution de- 
composed by a hard water may represent a definite degree 
of hardness. 

Standard Soap Solution. 

, In England standard soap solution is made from Castile 
soap, which should be made from olive oil and soda. This 
solution, however, is said to be unstable, and sodic oleate 
may be purchased for the purpose. About 13 grammes of 
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soap are dissolved in 500 c.c. of methylated spirits and 
600 CO. of pure water. 1 c.c. should serve to neutralize -OOl 
gramme of carbonate of lime or be equivalent to 1 degree 
of hardness. 

To test the solution 12 c.c. of the standard hard water are 
diluted to 70 c.c. in a burette. To this is added 1 c.c. at a 
time of soap solution, and for each addition the burette is 
shaken until a five minutes' lather persists. Each 12 c.c. of 
standard hard water requires 13 c.c. of soap solution, the 
extra 1 c.c. being that required for absolutely soft water. 
The actual figure will be less than 13, and the soap solution 
must be proportionately diluted. Thus if the soap solution 
used is only 12 c.c, each 12 c.c. requires diluting by 13 - 12= 
1 c.c. 

Standard hard water is made by dissolving 1*11 grammes 
of pure fused chloride of calcium in water and diluting to 
1,000 c.c at 16° C, or 1 gramme of pure carbonate of lime is 
dissolved in 60 cc of EHCl,^ evaporated to dryness, dis- 
solved in 60 c.c of water and carefully neutralized with 
6EAm.H.O. Each of these standards should for each c.c. 
be equivalent to 0*001 gramme of carbonate of lime. 

Standard Soap Solution in France. 

This is made by dissolving 100 grammes of white curd soap 
— ^Marseilles soap — ^in 1, 600 grammes of alcohol at 90° C. The 
soap is scraped into shreds and dissolved in the alcohol by 
heating to ebullition point. The solution is filtered, and to 
it is added 1,000 grammes of pure distilled water. 

The solution before use is tested by the aid of a solution 
of calcium chloride, CaCU, of :f oVo strength, or 0-26 gramme 
per litre of water, or with a solution of barium nitrate, of a 
strength 0*69 gramme per litre. These are normal solutions. 

The apparatus required is as follows : — 

(1) A bottle of about 80 com. capacity marked at 10, 20, 
30 and 40 ccm. by circular marks. 

* An E solution is one containing an equivalent weight in milli- 
grammes per c.c. of water. Thus SE.AmH.O. contains 176 m.g. or 
'175 grams in 1 c.c. of water ; 35 being the equivalent of ammonium 
hydrate. EH.Cl. means 36" 5 m.g. of hydrochloric a<;id per 1 c,c, of 
wetter, 
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(2) A burette graduated so that a length containing 2-4 
com. shall be divided in 23 equal parts. Each division 
represents a degree, but in order that for each test the 
burette shall be filled to the top division, there is a space 
between tUs circular mark and the zero division sufficient to 
contain the amount of soap solution necessary to maintain 
a persistent lather on 40 c.cm. of pure water. The following 
divisions of the burette then represent exactly the quantity 
of soap solution destroyed by the salts in the water. The 
little extra solution is necessary to form a persistent lather 
even with distilled water, and represents the amount of 
solution needed by the water in any sample as distinct from 
the salts in that water. 

(3) A bottle of the soap solution. 

(4) A bottle flask of distilled water. 

(5) A flask of oxalate of anmionia containing 166*66 
grammes of oxalate per litre or a solution of V o^^- 

(6) A flask of barium nitrate containing 2* 1 4 per cent, of 
azotate. 

(7) A pipette divided in tenths of a cubic centimetre. 

(8) A globe flask gauged by a circular mark at the base 
of the neck. 

A spirit lamp and stand, a glass, a glass stirrer, thermo- 
meter, and a flask of normal solution of nitrate of barium 
(0*59 grammes per litre), and one of nitrate of silver con- 
taining 2*78 grammes of silver nitrate per 100 of water. 

To make a test 40 c.cm. of the water are placed in the 
flask and to it are added successive small amounts of solu- 
tion from the burette. The flask is shaken at each addition 
until signs of a lather are seen. The solution of soap is then 
added carefully until the lather is persistent, when it should 
form a persistent thickness of half a centimetre, and should 
last ten minutes before it evanesces. The number of divi- 
sions of the burette of solution which have been used are 
the number of degrees of hardness of the water. 

The soap solution is tested for strength with 40 cubic 
centimetres of the standard solution of calcium chloride or 
barium nitrate. This quantity should require 22 divisions 
in the burette of standard soap solution. If less th^n 22 
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degrees are required, the solution must be let down by adding 
about one twenty-third of its weight in water to correct the 
solution by one degree, when a new determination must be 
made until the correct solution is obtained. 

In making a test a preliminary trial is made in a test tube 
with 20 to 25 grammes of water and 1 c.cm. of the soap 
solution. If when agitated the water goes milky without 
flocculent appearance, the water can be tested as it is. But 
if a flocculent formation is visible, the water is too much 
charged with salt and must be diluted by means of distilled 
water, so that the diluted mixture has less than 30^ of hard- 
ness. The test being thus made the result must be multi- 
plied by 2, 3, or 4 according as the dilution has been effected 
by adding 1, 2 or 3 volumes of distilled water. 

It is usual in particular work to test the distilled water, 
which should not require more than one division of the 
burette of soap solution to set up a persistent lather. 

If this is not so, the correction to be made is x={n + l) 
a — nAf where a is the degree foimd. A is the degree of the 

1 « 

distilled water, and - is the ratio of mixture, x is the true 
n 

degree of hardness. 

To determine the constituents of the water in carbonic 
acid, lime salt and magnesium salt, the following trials must 
be successively made : — 

(a) The degree of hardness of the natural water. 

(6) The hardness after depositing the lime by means of 
oxalate of ammonia. 

(c) The degree of hardness after having eliminated the 
carbonic acid and carbonate of lime by boiling. 

(d) The degree of hardness after elimination by oxalate 
of anmionia of the lime carbonate not precipitated by 
boiling. 

(a) having been found as already described, (b) is found 
by adding 2 c.cm. of ^^^th solution of oxalate of ammonia to 
50 c.cm. of water. After brisk agitation and half an hour 
precipitation the filtered liquor will be free of lime salts. 
The hardness is then found of 40 c.cm. 

Test (c) is made by first boiling gently for half an hour a 
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fresh sample of the water measured in a gauged bottle. The 
original measure is then made up by distilled water and the 
whole filtered to clear the deposited lime salt. Then the 
hardness of 40 com. is found. 

Test (d) is made by boiling and filtering 50 c.cm. of the 
water and adding 2 c.cm. of oxalate of ammonia, which pre- 
cipitates what lime has been left by the boiling. Again 
filtering the hardness of 40 c.cm. is found. 

From the hardness c a subtractive correction of 3 is made 
for the Ume carbonate, which does not deposit by boiling. 
The corrected value is Ci=C — 3. 

Then a is the total hardness made up of the carbonic acid 
and all the salts of lime and magnesia. 

b gives the salt of magnesium and the carbonic acid which 
remain after eliminating the lime. Then a— &=c=lime 
salts. 

Ci represents magnesium and calcium salts other than 
carbonates, whence a— Ci=e=carbonate of lime and car- 
bonic acid. 

d finally represents the magnesium salts. The total 
analysis is thus — 

a =002 = b-d =/. 

6=CaC03 = e-/ =g. 

c=CaS04, etc. = h—g 

or = (^ — rf 



=m. 



d = MgCOa, etc. = d. 



Total a. 

The results in degrees are convertible into grammes per 
litre by multiplying by certain coefficients as follows : — 

Chloride of Calcium 0-0114 

Carbonate of Calcium .... 0-0103 

Sulphate of Calcium 0*0140 

Chloride of Magnesium .... 0*0090 

Ccurbonate of Magnesium . 0*0088 

Sulphate of Magnesium .... 0*0125 

Chloride of Sodium 0*0120 

Sulphuric Acid 0*0082 

Chlorine 0*0073 

Carbonic Acid 0*006 litre, 
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Usually no great error will be made if all lime salts are 
assumed to be either carbonate or sulphate, and the only 
magnesium salt the sulphate. 

Then the above supposititious sample will contain : — 

of CQa grxO'006 litres 

Calcium Carbonate Ax 0-0103 grammes 

Sulphate ix 0-0140 
Magnesium „ (2x0-0125 „ 

Approximate determinations may be made by weight 
with commercial alcoholic soap solution, finding as above the 
total and the permanent hardness, diminishing the latter by 
3^ as a correction and multiplying by 0-013 grammes. This 
gives the sulphates and chlorides contained in 1 litre of 
water. 

The diflFerence between the total and the corrected per- 
manent hardness is the approximate weight in centigrammes 
of carbonates in a litre of water. 

But a full treatment of water analysis is beyond the scope 
of this book. Readers who wish to gain further informa- 
tion on this point are referred to works on chemistry, and 
particularly to the French of M. A. Taveau.^ 

TABLE III. 
SoLUBiuTY OP Gases and Salts in Water. 



Name. 


Formula. 


Molecu- 
lar Wt. 


Solubility per cent. 

at 0° C. 

and at 100'' 


Specific 
Gravity 


Oxygen . . . 





16 


0-04 vols. 


__ 


Hydrogen . 


H 


1 


0-02 


— 


Carbon . . . 


C 


12 


— 


— 


Sulphur 


S 


32 


— 


2 


Water .... 


HjO 


18 


— 


1 


Carbonic acid 


CO2 


44 


1 8 vols, at O^C. 
0-9 „ „20°C. 




Sulphuric acid 


H2OSO3 


988 


— 


— 


Chlorine 


a. 


35-5 


— 


— 


Hydrochloric acid 


H.Cl. 


36-5 


— 


— 


Calcium 


Ca 


40 


~^~ 


1«68 



^ EpurcUion des Eaux, par A. Taveau, Gauthier-Villars, to whom 
the above method is due. 
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TABLE III. (conHnued) 
Solubility of Gases and Salts in Water. 



Name. 


Fonnula. 
CaO 


Molecu- 
larWt. 


Solubility per oent. 

at O'^C. 

and at 100<> 


Specific 
Gravity 


Caustic lime . . 


66 




__ 


Lime hydrate . 


CaOHaO 


74 


0-14-0-09 


— 


„ carbonate . 


CaOCO, 


100 


0-0036 


2-7 


„ bicarbonate 


CaO,2COa 


144 


— 


— 


„ sulphate 


CaOSOa 


136 


•0212--0162 


2-93 


„ aluminate 


CaOAlaOa 


169 


— 


— 


„ chloride . 


Caaa 


111 


400 


— 


Magnesium 


Mg. 


24 


— 


1-74 


Magnesia . 


Mg.O 


40 


0-002 


3-2 


„ carbonate 


MgO,C02 


84 


0-020 


2-94 


„ hydrate . 


Mg.OHaO 


68 


— 


— 


„ sulphate 


MgOSOa 


120 


24-7-130 


1-75 


„ chloride . 


Mga, 


95 


200-400 


1-66 


„ bicar- 










bonate 


MgOHaO 

2(C02) 


146 


— 


— 


Sodium . . . 


Na 


23 


— 


0-97 


Soda, caustic . 


HNaO 


40 


61 


2-13 


„ carbonate 


NaaCOa 


106 


7-46 


2-6 


„ biceurbonate . 


HNaCOa 


84 


7 


— 


„ chloride . 


Naa. 


68*6 


36-40 


2 


,, sulphate . 


NaaO.SOa 


142 


5-42 


2-63 


Potassiimi . . . 


K 


39 


— 


0-866 


Caustic potash 


K.H.O. 


66 


200 


2-04 


Carbonate of potash 


K2CO3 


138 


83-163 


2-26 


Sulphate „ ,, 


KjOSOa 


174 


10 


2-66 


Bicarbonate ,, 


H.K.CO3 


100 


20 


— 


Chloride „ „ 


K.C1. 


74 


29-69 


1-94 


Barium 


Ba 


137 


— 


— 


„ chloride . 


BaCla 


208 


36-60 


2-66 


„ oxide . 


BaO 


163 


— 


— 


„ hydrate . 


BaOHjO 


171 


5-10 


1-66 


„ aluminate . 


BaOAlsOs 


266 


— 


— 


,; sulphate . 


BaOSOa 


233 


Insoluble 


4-73 


„ carbonate 


BaOCOa 


197 


»f 


— 


Aluminium 


Al. 


27-4 




2-6 


Alumina 


Al,03 


103 


— 


3-9 


Aluminium 










Sulphate 


Als3S0« 


343 


33-89 


1-6 


Alum .... 


AlaK24S04 


617 


9-6-367 


1-72 


Ammonium 










Chloride 


HN4CI 


63-6 


36-100 


— 


„ Carbonate 


2NH4CO3 


96 


20-volatae 


— 


„ Sulphate 


2NH4SO4 


132 


66-100 


■— 
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TABLE IV. 
BoiLiNO-PoiNTS OP Salt Solutions. 






a** 


F.«» 


Bcuium Chloride, Saturated 
Pota£«iam Carbonate „ 
Sodium 


• 


104-4 
136-0 
106-0 
108-4 


220'* 

276 

222-8° 




Chloride 




227-1 











The following is the form of analysis asked for by Mather 
& Piatt in connexion with their Archbutt-Deeley process. 



PARTICULARS AND ANALYSIS OF HARD WATER. 



Source of Supply : 

Purposes for which the Softened Water is Required : 

Analysis : grains per gal. 

Total Solids (dry at ) . 

Lime (Ca O) 

Magnesia (Mg O) ... 
Sulphuric Anhydride (S O3) 

Chlorine (CI) 

Alkalinity, calculated as Carbonate of 
Lime (Ca C O3) 

Remarks : 
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CHAPTER VIII 
APPARATUS GENERALLY IN COMMERCIAL USE 

TO carry out the process of water softening requires a 
certain amount of apparatus, which must have space 
to stand in. The simplest and minimum apparatus consists 
of two tanks each holding as much water as will be consumed 
while the softening process is in progress in the other tank. 
In this simple system the reagent already prepared is added 
to the one tank of hard water and the whole thoroughly 
stirred up with the deposit at the bottom. Some deposit 
must always be left, as it hastens the progress of sedimenta- 
tion. 

The tank is then left to settle, and the capacity of the tank 
in use must obviously be so great that it will serve the supply 
until sedimentation has cleared the water in process of 
softening below the draw-off point. Clearly shallow tanks 
are indicated, for a shallow tank will clear more quickly than 
one of greater depth. This system demands considerable 
area and leads the engineer to seek for accessory means of 
minimizing space. One such means is the floating take-off 
or outlet. This consists of a jointed pipe and float arranged 
like a ball valve float with an opening to the tubular arm of 
the float, maintained just under the water surface. Let a 
tank 20 ft. long be supposed of such area that its level is 
lowered 3 inches by the demand for water, in the same time 
that sedimentation goes on to the extent of say 4 inches. 
Then in one hour after mixing the reagent there will be 
4 inches of clear water in the tank, and if the take-off is then 
started the sedimentation point will always be more than 
4 inches below the level of the floating outlet. A second 
idea to secure the same end^would be to use a number of 
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shallow tanks superposed. There ate obvious inconveni- 
ences to this method, not the least of which is that the mud 
space at the bottom of each tank must be nearly as great as 
that at the bottom of a deep tank. 

The problem is solved in practice by the adoption of a 
continuous process. The stream of water to be softened is 
split into two streams, one of which is turned through a 
vessel containing caustic lime. The water takes up a full 
dose of this in solution and, passing on, reunites with the 
main stream in a suitable mixer which may be in the form 
of a trough with lateral divisions alternately projecting 
partly across the trough from the two sides and serving to 
turn and mix the water, which then falls to the settling tank 
and may be drawn off by a float outlet at the extreme end 
of the tank. Circulating currents are stopped by suitable 
diaphragms. Or the settling tank may be divided into a 
number of shallow tray-like divisions inclined or horizontal, 
each of which serves to receive the sediment of a moving 
sheet of water only perhaps 3 or 4 inches deep. Sludge taps 
serve to blow out the deposit when sufficient. All the 
regular apparatus sold on the market consists of some modi- 
flcation or application of these principles with a view to 
effecting complete purification in a minimum of space and 
time. Caustic lime can always be added in the way above 
described, for the proportion of water can be adjusted which 
flows by the lime tank, and if care is taken to provide 
an excess of lime the amount carried off by the water will 
always be a certain fixed weight per gallon. 

For soda and the more soluble reagents a small tank of 
the salt solution must be provided that will run empty in 
about the time necessary, or some means provided so that 
in a continuous process the correct amount of soda is 
added. 

In some apparatus the chemicals of all sorts are added in 
a dry state to the water by means of a measuring wheel 
rotated by the water supply, the chemicals being mixed by 
agitation before the water reaches the depositing tank. 

When a carbonate water is first treated the carbonate of 
lime separates out in a colloidal condition like thin blue 
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starch, and this will pass through filters untouched. Later, 
and more quickly if heated, it begins to crystaUize, and 
according to Professor Wanklyn, will settle through | inch 
of water in twenty-five minutes, and it requires eight hours 
to settle 20 inches when cold. Mixing in old deposit 
hastens the action, and it is assisted by bringing in the 
freshly- treated water from below. 

Magnesia is even more gelatinous than the carbonate of 
lime. Even with large apparatus some sediment fails to 
deposit, and many apparatus employ a finishing filtration of 
closely woven cotton bags, wood-wool or sponge, the most 
efficient being perhaps those in which the water fiows up- 
wards against the filtering surface, and the deposit is free 
to drop off by gravity or to be forced off occasionally by a 
reverse flow. 

In mixing lime water about 97 grains of caustic lime will 
dissolve in water at 32°F.=0° C, 91 grains per gallon at 
69° F. = 15° C, 70 grains at 111° F.=44° C, and only 40 
grains at 212° F. = 100° C. According to the temperature 
of the water, so must the proportion sent through the lime 
tank be divided. Soda is recommended by Mr. Stromeyer 
to be best supplied by an iron pump from a tank in which 
from time to time a definite weight of soda is put with a 
definite volume of water. Weirs, scoop wheels, cocks are all 
used, and the division of the supply to the lime tank may be 
made by a shifting plate of metal movable so that a different 
proportion may be made to pass either side as required. All 
these and other details are found in some or other of the 
various apparatus described in Chapter IX. 

No matter what chemicals may be selected, the apparatus 
employed will be the same. The principle enunciated by 
Dr. Clark underlies the action of all, and all apparatus 
represents after all different ways of carrying out the same 
thing. 

In selecting a few only out of the many the author wishes 
to disclaim any intention of putting any apparatus forward 
as better than others not mentioned. Those described are 
put forward as types or variants of a general design, and will 
appeal to users in proportion as their particular arrangement 
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or mechanism suits the conditions which the user may have 
to meet. 

It is necessary to state these facts, because there are a 
large number of apparatus, and this book is not a catalogue 
of the whole number, and in brief some few must be chosen 
for the purpose of description, and those selected happen to 
have most readily come under the author's notice at the 
time Chapter IX was written. 

The cost of water softening plant per 1,000 gallons treated 
per hour may be generally set down at £100 to £150, the 
smaller plants costing more per unit of capacity than larger 
plants. As with soft water a boiler may be worked continu- 
ously for long periods, it will be cheaper to lay down a 
softening plant than to put down a spare boiler, which 
would be required in the absence of the plant. Thus in every 
way the softening of water will produce a handsome return. 
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CHAPTER IX 

EXAMPLES OP WATER-SOFTENING APPARATUS 

The Archbutt-Deeley Process 

IN this process, in addition to the softening process there 
is a further treatment of the softened water with car- 
bonic acid gas for the purpose of preventing the subsequent 
deposit in the pipes of a peculiar gelatinous hydrate, which 
is found frequently to occur and chokes the pipes. 

To prevent this deposit the softened water is charged 
with carbonic acid gas produced in a coke stove, and the 
particles of lime or magnesia which would deposit in the 
pipes are converted into bicarbonates. The water is thereby 
again naturalized or it acquires a small degree of temporary 
hardness. 

For 3,000 gallons per hour or less one softening tank and 
a storage tank are necessary. 

For 10,000 gallons per hour not fewer than three tanks 
are needed. 

Hard water being turned into one tank, Figs. 1, 2, 3, the 
caustic lime and carbonate of soda are weighed out and 
boiled together in the little chemical tank by means of live 
steam. The large tank having now filled to a gauge mark 
the inlet valve is closed and a steam blower or aspirator is 
put into action to draw water from about the middle height 
of the tank and deliver it through a horizontal perforated 
pipe placed about four-fifths down the tank depth. Into 
the pipes of this circulating system the chemical solution is 
allowed slowly to run and the chemicals are evenly diflfused 
throughout the tank. This done, any alumino-ferric is run 
in in the form of a standard solution. Air is then admitted 
to the steam blower and a three-way cock being reversed, 
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the air is discharged into the bottom of the tank through 
perforations in the lower side of a pipe laid along the tank 
bottom. This air stirs up the old deposit left in the tank 
for about ten minutes, and in an hour the tank will have 
cleared to a depth of perhaps 6 ft. The water is then tested 
by adding a few drops of a solution of silver nitrate to some 
of the water in a small white basin. 

If too little lime has been employed, the water will turn 
milky white ; if too much, a dark brown colour will be pro- 




Fia. 2. End Elevation. 

duced. Correctly treated water will show a faint straw 
colour, and so long as this is perceptible the less of it the 
better. Water is drawn off by a hinged floated pipe, 
into which, at the upper end, is forced by a steam blow 
carbonic acid gas from a small stove. The gas is carried 
down the pipe, which is rectangular and fitted with baffle 
plates, and re-carbonates the water in the process. The 
finished product is discharged into the small supply tank. 

A final test of the water is made by means of phenol- 
phthalein, which will turn pink in water containing free 
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alkali but remains unchanged if there is the least trace of 
carbonic acid in excess. Re-carbonating is not always 
necessary. 

The mud deposited in the softening tank is variously 
removed by a sludge cock, by sweeping it through mud doors 
or by raising it with a steam lifter into a cart containing 
furnace ashes, which let the water pass and intercept the 
chalky mud. 

The apparatus described is made by Mather & Piatt, to 
whom is dua the Table V., showing the estimated cost of 
softening a number of diflEerent waters per 1,000 gallons. 

While some waters are costly to soften, it is well remarked 
that the costliness is often a measure of the necessity, and 
that it may still be cheaper to soften a bad water than to 
purchase water which may be little or nothing better and 
must still be softened. 

It is indeed a bad water that costs 3d. per 1,000 gallons 
to soften and few public water supplies can be purchased 
for even 6d. 

In Table VI. are given the dimensions of tanks necessary 
for various quantities of water to be treated per hour. The 
figures are based on the conditions enunciated at the head 
of each division of the table. 

The steam used by the blower only raises the temperature 
of the water about 2° F. and is not all lost, for it returns 
more or less to the boiler. 
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TABLE VL 

Showing Numbeb and Size op Tanks required for Various 
Quantities, under Ordinary Conditions. 

Tank calculated to fill in twenty minutes, and to empty in twenty 
minutes into reserve tank, allowing ninety minutes for treating 
and settling. 



Capacity. 



Oallons 



per 
hour. 



Number and approximate Dimenaions 
of Tanks. 


Hard Water 

Supply 

required 

permin. 

Gallons. 


Diam. 
of Inlet 
Pipes. 


Diam. 

of 
Outlet 
Pipes. 


1.. 7'0'X 7'0'X 7'0'' 
1.. 8'0-'x S'O'^x 8'0' 
1..12'0-'x 8'0-'x S'O'' 
1..12'0-'x S'O'^xlO'O'' 
1 . . 12' 0' X 10' O-' X 10' 0' 
1..12'0'xl2'0'xl0'0^ 


70 
120 
180 
240 
300 
360 


3^ 

4' 
4' 

6" 


3" 

V 

6' 
6' 

r 



600 
1,000 
1,500 
2,000 
2,500 
3,000 



Each tank calculated to fill in twenty minutes, and to give continuous 
delivery, allowing ninety minutes for treating and settling. 



4,000 


2..12'0'xl2'0^xl0'0' 


360 


6' 


4' 


5,000 


2.. 13' 6' X 13' 6*' X 10' 0' 


450 


r 


4' 


6,000 


2..15'0"xl5'0-'xl0'0-' 


560 


8' 


4' 


7,000 


2..16'6'xl6'6''xl0'0' 


680 


8-^ 


5' 


8,000 


2..17'6'xl7'6-'xlO'0^ 


765 


r 


5' 


9,000 


2..18'6-'xl8'6'xl0'0-' 


855 


10' 


5' 


10,000 


2..19'6''xl9'6'xl0'0' 


950 


10' 


5' 


12,600 


3.. 15' 6' X 15' 6^ X 10' 0' 


600 


8' 


6' 


16,000 


3..17'0"xl7'0"xlO'0' 


720 


9' 


6' 


17,500 


3..18'0-'xl8'0'xlO'0'' 


810 


9' 


7' 


20,000 


3..19'6'xl9'6'xl0'0' 


960 


10' 


7' 


25,000 


3.. 21' 6' X 21' 6" X 10' O'' 


1,160 


10' 


8' 


30,000 


3.. 23' 6' X 23' 6^ X 10' O'' 


1,380 


• 12' 


9' 


36,000 


4..21'0'x21'0''xl0'0' 


1,100 


10' 


9' 


40,000 


4.. 22' 6-^x22' 6^ X 10' 0' 


1,270 


12' 


10' 


45,000 


4..24'0'x24'0'xl0'0' 


1,400 


12' 


10' 


50,000 


4..25'0'x25'0'xl0'0' 


1,560 


12' 


12' 


60,000 


4..27'6'x27'6'xl0'0' 


1,850 


14' 


12' 



In cases where the supply available is only equal to the demand, 
larger tanks, or more of them than given above, are required. 
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WATER-SOFTENING APPARATUS 

The Criton Apparatus. 

This apparatus is made by the Pulsometer Engineering 
Co., Ltd. 

In this apparatus the quantities of the reagents delivered 
are measured by the displacement of plungers, the sub- 
merged bulk of which can be accurately adjusted to give the 
required proportions of reagents to hard water, and cannot 
afterwards vary from any accidental cause. Neither the 
lime water nor the softened water, before settlement, passes 
through ball valves or other openings liable to choke. 

The amount of reagent displaced can be varied in a few 
seconds by means of the nuts which govern the submersion 
of the plungers. 

The proportion of ireagents to hard wat^r remains the 
same, no matter at what speed the plant is run, and the 
speed of thte plant is controlled by a single valve on the hard- 
water inlet. 

The reagents and the hard water are admitted at the 
same time and place, and thorough mixing is thus secured. 

Complete removal of suspended matter is obtained by 
the use of a filter with a granular filling. 

This filter bed is cleaned by a reverse current of water, 
thus avoiding the trouble and expense of removing the 
dirty filtering material for washing or renewal. 

The attention required is that of one man for half-an-hour 
to an hour once every twelve hours, according to the size 
of the plant. 

Reference to the diagram (Fig. 4) shows that the hard 
water is supplied intermittently by means of a syphon trap 
in the upper float tank. 

A float in this top tank actuates a displacement plunger 
in the lime tank and a smaller plunger in the little soda 
tank which is kept full of soda solution by means of a ball 
valve. 

The lime tank which contains an excess of lime is kept 
full by a ball valve, water entering at the conical base and 
rising through the lime. 

While the hard water is filling the top syphon tank the 

55 



Digitized by LjOOQ IC 




Fig. 4. The Cbtton Water Softener (Pulsometer Co.). 
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WATER-SOFTENING APPARATUS 

lime and little soda tanks are filled by their respective ball 
valves and when the syphon discharges to the mixer the 
float falls and depresses the lime and soda plungers and the 
chemicals flow to the mixer in even proportion with the hard 
water. The mixer discharges by a down pipe to the base of 
the settling tank, stirring up the older deposit there and 
precipitation is facilitated by this and by the precipitate 
constantly descending from the upflowing water. 

The settling tank discharges at the top into the filter. 

The Doulton Apparatus. 

In this apparatus — the low form of which is illustrated 
in Fig. 5 — the hard water enters by a ball valve over a water 
wheel, which drives the stirrer at the bottom of the reagent 
tank. 

The day's supply of chemicals is placed in a hopper through 
which the reagent tank is filled from the stop-cock, thus 
forming a saturated solution, the supply of which is auto- 
matically regulated in the following manner : — 

The hard water flows from the tank containing the water 
wheel into the Regulating Box, thereby raising a float, which 
opens a valve and permits the solution from the reagent 
tank to flow in. The hard water and reagents then mix 
together by means of the swirl made in the circular funnel 
leading to bottom of settling tank ; there all impurities are 
deposited. The softened water finally rising through the 
filter bed to the outlet. 

Should the supply of hard water cease or be reduced, the 
float will lower itself, and thus regulate the flow of reagent 
automatically in proportion to the water to be treated, as 
shown in Fig. 6. 

The reagent and settling tanks are provided with sludge 
cocks and pipes for cleansing purposes, and all working 
parts are accessible by means of the platforms and ladders 
as shown. 

Softeners have all the same action and are variously 
adapted according to the waters to be treated. The low 
shapes are designed for use where height is limited and 

57 



Digitized by LjOOQ IC 




Fio. 6. Th£ Doulton Sottenev (Doulton & Co.)- 




Fia. 6. Doulton Softeker (Detail of IiiixEB). 
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WATER-SOFTENING APPARATUS 

ground space available (or for special positions, such as on 
joists over boilers), whilst the tall shapes are for use where 
ground space is limited and height available. These latter 
can be made to deliver at any height required, and the low 
shape can be designed to suit any available space. 

These softeners require attention once a day for filling 
in reagents, which occupies very little time, and for which 
no skilled labour is necessary. 

In the automatic cut-oflE arrangement just referred to 
(Pig. 6) the hard water is delivered through the pipe M into 
the regulating box G and passes out through the shute in 
front of same, in its passage raising the float W and con- 
sequently opening the reagent valve L to an amount pro- 
portionate to the quantity of water passing through box G. 
The reagent is supplied through the pipe U and the tank Y,. 
the regulator N and valve L ; thus a definite quantity of 
reagent is supplied to a definite quantity of water, the re- 
agent falling into the mouth of the shute Q. They are mixed 
by being whirled round the standing outlet V, over which 
the water and reagent fall and are led by the pipe R to the 
bottom of the settling tank. 







TABLE VII. 








Approximate I 


Sizes of Doulton Apparatus. 






LOW SHAPE. 








To Soften. 


Ground Space. 




Total Height. 


300 


galls, per hour. 


8 ft. in. by 5 ft. 


in. 


8 ft. in. 


500 


»> 99 


10 ft. in. „ 6 ft. 


in. 


9 ft. 3 in. 


800 


»» »» 


12 ft. in. „ 7 ft. 


in. 


8 ft. 8 in. 


1,500 


»» »» 


13 ft. in. „ 10 ft. 


in. 


10 ft. 2 in 


2,000 


f> >» 


15 ft. in. „ 10 ft. 


in. 


11 ft. 6 in. 


4,000 


»» >♦ 


17 ft. in. „ 12 ft. 


in. 


14 ft. 6 in. 


6,000 


♦ » »» 


20 ft. in. „ 14 ft. 

TALL SHAPE. 


in. 


15 ft. 2 in. 

Height of 




To Soften. 


Ground Space. 




Delivery. 


400 


galls, per hour. 


6 ft. in. by 4 ft. 


in. 


10 ft. 6 in. 


1,200 


»» »» 


8 ft. in. „ 5 ft. 


6 in. 


18 ft. in. 


2,000 


»» »» 


9 ft. in. „ 6 ft. 


m. 


23 ft. m. 


4,000 


>> »» 


12 ft. 6 in. „ 6 ft. 


in. 


27 ft. 6 in. 


6,000 


i» »t 


13 ft. in. „ 6 ft. 


in. 


34 ft. 6 in. 
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WATER SOFTENING AND TREATMENT 



The above sizes can be varied to suit any available posi- 
tion. They are given for softeners worked on lime and 
carbonate of soda principle, to serve as a general guide to 
the floor space and height requirements of softening 
apparatus. 

The Guttmann System. 

This system (Pig. 7) is worked by the Babcock & Wilcox 
Co. of London. It combines heat treatment for dealing 
with the temporary hardness and soda to treat the per- 
manent hardness. 

The apparatus consists in the main of a soda tank, a 
reaction tank, a filter box and soft-water tank which is so 
arranged that the drawing oflE of soft water regulates the 
amount of soda added to the incoming stream of hard water. 
The process is thus of the continuous order. The filter is 
usually wood-wool. 

The apparatus can be used with any softening process, 
emplojring either lime, caustic soda, or other chemical ; but 
the use of carbonate of soda (alkali), or of mono-silicate of 
soda, is preferred. 

Either exhaust or live steam can be employed. When 
exhaust steam is available this is utilized for heating the 
water to a temperature of 180° F. to 200° F., thus eflEecting 
a saving in fuel consumption. A small amount of live steam 
is sometimes required to bring the temperature of the water 
up to boiling point. 

The apparatus is thus a water softener and feed-water 
heater combined, the pure water being fed into the boilers 
at a high temperature. 

Grease contained in the exhaust steam is trapped by the 
wood-wool in the filter tank. 

The apparatus occupies space as below — 

Width. 



Quantity treated 


Length. 


per Hour. 


ft. in. 


300 Gallons 


. 13 10 


1,000 do. .. . 


. 13 10 


3,000 do. .. . 


. 16 


6,000 do. .. . 


. 17 4 


10,000 do. .. . 


. 19 4 




6o 



ft. 


in. 


3 


.. 


3 


6 .. 


5 


3 .. 


6 


3 .. 


7 


6 .. 



Hei( 
ft. 


?ht. 
in 


7 


6 


8 





10 


6 


13 





16 
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WATER SOFTENING AND TREATMENT 

As shown in Fig. 7, it consists of a tank A, into which the 
chemical required for the day is put, and the tank is then 
filled with water. Underneath is the reaction tank B. The 
hard water enters at E, the admission being controlled by a 
valve which is actuated by a rod F, connected to the float G 
in the soft-water storage tank K. A similar valve, con- 
nected to the same float, controls the admission of the 
chemical solution, and between this valve and the chemical 
tank a cock is interposed to provide for any variation in 
the strength of the chemical solution or in the composition 
of the water. The hard water and soda solution in the 
reaction tank are raised to boiling point, and at the same 
time thoroughly agitated by means of one or more steam 
injectors C. 

The water then flows over a weir into the filter tank D, 
which has divisions reaching alternately to within a few 
inches of the bottom and top, forming compartments, which 
compel the water to take a zig-zag course. A perforated 
plate H forms the bottom of each compartment, which is 
filled, as a filtering medium, with wood-wool compressed to 
the required density ; a similar perforated plate being 
placed on the top of the wood-wool in each compartment. 
Below the bottom perforated plates is a settling chamber 
for the interception of sludge, which is removed by opening 
the blow-off cocks attached. Thus a free passage way is 
provided for the water, which leaves the filter in a perfectly 
clear state and flows into the storage tank K, from whence 
it can be drawn off. 

The following example shows the results obtained with 
East London water : — 





Hard Water, 


Softened Water, 




grains per gallon. 


grains per gallon 


Temporary hardness 


. . . 14-2 


3-7 


Permanent „ 


... 3-1 


'none 


Total 


. . . 17-3 


3-7 



Of the 3-7 grains per gallon 2*7 grains are further pre- 
cipitated by prolonged boiling in the boiler itself; the 
remaining 1-0 grain represents the solubility of calcium and 
magnesium carbonates. 
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WATER-SOFTENING APPARATUS 

The following test is advised by the makers to show 
whether the proper amount of soda solution is being em- 
ployed — 

A piece of litmus paper of neutral tint is dipped into the 
last compartment, say, twice a day. Upon withdrawal, the 
litmuis paper should show a very faint blue colour, indicating 
that the water is slightly alkaline ; if a darker colour is 
shown, less soda solution should be employed ; if no colour, 
more solution should be run in. 



The Baker Apparatus. 

This is an apparatus of the type which divides the treated 
water into numerous thin sheets for the purpose of reducing 
the distance through which deposit has to take place. 

Fig. 8 represents the apparatus in elevation. The hard 
water enters by the pipe A and passes on to the tank B 
which is partitioned and contains in one part the soda solu- 
tion, and in the other part the hard water, each compart- 
ment being provided with a valve which regulates the flow 
of liquid into the proportioning or measuring tank C. This 
measuring tank C has four compartments, and receives a 
constant supply of (1) hard water to be softened, (2) of lime 
water, and (3) of soda solution, the fourth compartment 
being open to the flow of liquids from the three other com- 
partments, but when the storage cistern is full (not shown) 
a valve, operated by a float, closes at the bottom of this 
fourth compartment. The closing of this valve stops the 
, flow of the liquids above-named until the level of softened 
water in the storage tank is lowered. The mixture of the hard 
water with lime water and soda solution immediately becomes 
turbid and passes down two sides of the settling tank EE 
by the segmental spaces PP, the heavier portion of the pre- 
cipitate falling immediately into the cone H at the bottom 
of the settling tank, whence all deposits are discharged at 
intervals by opening the flushing valve J. 

After passing down the two spaces PP the turbid water 
passes up into a central space V and branches off right and 
left, rising at an angle between the louvres of settling plates 
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GG, which are about two inches apart, so that the sediment 
has only two inches of vertical distance to fall between each 




Fio. 8. The Baker Softeneb (Baker). 

pair of plates, and the settlement in even this small depth is 
claimed to be hastened by the attraction of the plates for 
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the particles in suspension ; consequently the passage be- 
tween each pair of settling plates is found to clarify the 
formerly turbid water, which then passes upward through 
a fibre filter R, finally passing out at the delivery pipe S, 
which may be connected either to a storage tank or to 
service pipes. The preparation of lime water is eflEected in 
the vessel DD which is fitted with a perforated tray at K 
upon which the lime is placed, and where it gradually dis- 
solves and is constantly stirred up from the conical bottom 
of the vessel by means of a current of air and water which 
passes down by the pipe L. 

The clear lime water rises to the top between the external 
cylinder D and the internal cone, overflowing in a measured 
stream to the measuring tank C. A valve M at the bottom 
of the cone dischargbs undissolved Ume and other impurities 
which settle there. 



The Reisert Softener. 

The action of this apparatus will be evident from the 
illustration (Fig. 9). It consists of a Ume saturator S, a 
soda chamber N, a water-distributing tank R, lime being 
slaked in the right-hand division. There is a reaction tank 
D and a filter F which is self-cleansing. The conical shape 
of the vessel S ensures a quick mixing action of the water 
which enters by way of the pipe V and a slow final move- 
ment which enables undissolved lime particles to settle 
back and leave the effluent clear to flow by the pipe W to 
the reaction chamber D by way of the mixing pipe E. 

The soda apparatus N acts as follows. Whereas lime 
dissolves only in a definite proportion, there is almost no 
limit to the solubility of soda. A quantity of soda, there- 
fore, that will suffice for one day, is dissolved all at once in 
the chamber N. The action of the soda apparatus is based 
on the fact that the soda solution has a greater specific 
gravity than water. 

The water flows from the distributing tank R through 
the micrometer valve M — which is adjusted in accordance 
with the amoimt of soda required — ^into the soda chamber N 
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and remains cdioays on the surfcice of the soda solution (no 
mixing occurs) and displaces the same, through the small 



Water supply 




rcjuse 
FiQ. 9. The Reisert Softener (Roylo). 



pipe from the bottom upwards, and into the mixing pipe E, 
and finally into the reaction chamber D. 

R is the water-distributing tank, and is supplied with 
the hard water to be treated by pipe and cock as shown ; 
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it is also provided with an overflow pipe. It is further 
provided with three micrometer valves at an equal height, 
first P for the inflow of the untreated water, the second V 
for the lime water, and the third M for the soda chamber. 
By arranging these three valves at an equal height, the 
quantities of water flowing from them are always propor- 
tionate or simultaneous and cease flowing in the event of 
the water supply ceasing altogether. 

From the lime-slaking division W the lime paste is con- 
veyed in bulk to the bottom of the lime-saturator S through 
the short depending pipe. 

The reaction ^fianiber D thus receives, through the pipe E, 
the untreated water, lime water and soda water. 

The water now overflows via the pipe H into the filter 
chamber F following the course of the arrows downward 
through the filter bed and upwards through the pipe T into 
tae reserve tank X, in its course keeping constantly full the 
small tank X^ The height of the column of water in the 
pipe H will vary with the resistance of the filter bed, and 
as the latter becomes foul the water will rise higher in H. 
Similarly it will rise to an equal height in the annular pipe Q. 
Within the pipe Q a pipe L is arranged as shown, and as 
soon as the resistance through the filter bed reaches such a 
point as to cause the water to overflow this pipe L a syphon 
action is started, and instantly reverses the current through 
the filter bed, drawing backwards the clear water held 
in the small tank X^ and thus automatically cleansing 
the filter, the sediment being discharged at L into the 
gulley A. The small tank X^ is proportioned to hold suiBBi- 
cient water thoroughly flush to the filter F and as soon as 
the tank is empty air enters via the pipe T and destroys 
the syphonic action. The filter then resumes its normal 
action and so continues until the fouling is again such as to 
cause the pipe L to overflow when the cleansing action is 
repeated. 

The filtering material does not require renewing and never 
wears away. 
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The Bruun-Lowener System. 

In this apparatus the water to be treated is led by a pipe 
into one of the chambers of an oscillating receiver C. 

When this chamber is filled the receiver tips over, pouring 
its contents into the intermediate tank B below, and bring- 
ing the other chamber of the receiver below the orifice of the 
pipe K. Above the oscillating receiver is a semi-circular 
tank D, containing the chemicals, and in the bottom of this 
tank is a valve through which the chemicals fall into the 
chamber of the oscillating receiver. The receiver at every 
oscillation actuates the valve in the bottom of the tank D 
through a system of levers. The lift of the valve is regulated 
by two nuts fixed on the valve spindle, so that a given 
quantity of chemicals can be mixed with the water. 

The lime milk in this apparatus has a strength of 10 per 
cent. ; the lime water used in other apparatus has only an 
average strength of 0*13 per cent. ; the lime milk therefore 
has a strength of nearly 100 times that of the lime water, 
making it possible to reduce the size of the tanks containing 
the lime in the same proportion. A further advantage 
claimed for lime milk is, that a certain quantity of fresh 
burnt lime is mixed with a certain quantity of water, a 
solution being obtained the strength of which is always 
known. 

In order to keep the lime milk in constant motion an 
agitator is fixed inside the semi-circular vessel containing 
the chemicals, and the oscillation of the receiver C is utilized 
for driving the agitator. 

The water and the chemicals in the mixing tank B are 
kept in motion by means of a plate S, fixed to the bottom of 
the receiver C. The mixture then passes from B into the 
heating chamber H, which is provided with a steam nozzle 
for either live or exhaust steam. The water is generally 
heated to a temperature of about 160° F. to facilitate the 
precipitation of the foreign matters. Where steam is not 
available the water can of course be treated cold. 

From the heating chamber the water passes through the 
by-pass pipe G into the settling tank A, where precipitation 

68 



Digitized by LjOOQ IC 



WATER-SOFTENING APPARATUS 
takes pikce. Before leaving the tank the water is passed 




J2< 



through the filter I, which is filled with wood-wool, packed 
tightly between two rows of wooden bars. The filter can 
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be taken out and cleaned by removing the top bars, and the 
filtering material can be used over and over again, after 
having been properly cleansed. A sludge cock F is pro- 
vided for drawing off the deposit. 

The softened and purified water coming from the filter 
flows into the storage tank O at the end of the softener and 
is drawn therefrom. The flow of water to the oscillating 
receiver is regulated by means of a high pressure ball valve P 
fixed on the pipe K. 



The Desrumeaux Apparatus. 

This apparatus (Figs. 11, 12) consists of three parts, viz., 
a saturator, a soda or reagent tank and a settling chamber. 

The saturator is usually a cylindrical tank into which a 
portion only of the water is admitted. It contains a mixer 
actuated by a small water wheel driven by the water to be 
softened. The lime water is supplied, therefore, fully satur- 
ated with lime, for the water to be saturated rises up through 
the lime and past the rotating mixing blades or arras. 

The soda tank is fitted with a device which scoops up a 
definite quantity of soda solution to suit the amount of 
water passing over the small water wheel. The lifter being 
worked by the wheel is thus automatically regulated. The 
mixed water finally passes to the base of the settling tank 
and travels upward between the blades or plates of multiple 
spiral cones arranged at such an angle that the deposit will 
slide down the blades and drop to the base of the vessel, 
whence it is discharged. 

The illustration (Fig. 12) makes this more clear than 
words. The correct action depends simply upon the diver- 
sion of a suitable proportion of the water through the lime 
tank and the correct regulation of the soda lifter. Once fixed 
the process should continue correctly so long as the quality 
of the water remains constant. The mixing of the two 
waters takes place in the vertical central tube of the settling 
tank. 

A filter of wood-wool is placed at the top of the settling 
tank to remove the last trace of deposit. 
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Fig. 11. The Desrumeaux Softener. 
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Fio. 12. The Desrumeaux Softener. Section op Deiosit Tank- 
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The action of the plant is as follows : — A definite amount 
of lime, which is ascertained by test, is placed in the lime 
tank and slaked. When thoroughly slaked this is let down 
to the bottom of the saturator, through a valve on the lime 
tank. If the water requires soda treatment a certain weight 
of soda ash is placed in the soda tank and dissolved. On 
the water being let into the distributing tank, part is diverted 
into the cup on the top of the central tube of the saturator, 
whence it passes to the bottom of saturator and rises through 
the lime. As more water enters, the water gradually rises 
in the saturator, until it overflows at the top as clear satu- 
rated lime water, which passes by a trough into the central 
tube of the decanter. The remainder of the water which 
enters the distributing tank falls over the water wheel, thus 
actuating the lime agitators at the bottom of saturator and 
also the soda delivery gear. This water then falls down 
the central tube of decanter where it becomes intimately 
mixed with the lime water and soda solution. On reaching 
the bottom of the decanter it passes upwards through the 
settling plates, and through the filter, and flows out at the 
top ready for use. The greater part of the precipitated 
matters is deposited oh the settling plates, whence it gravi- 
tates to the conical mud chamber, from which it can be 
removed by opening the purging valve. 

The apparatus treats the water cold, and is continuous 
in its action, and special note is made of the ease by which 
the precipitated matters and waste lime are flushed out. 

Average London water usually costs in reagents about 
0*5 of a penny per 1,000 gallons treated. 

Average London water is practically filtered Thames water, 
some of the supplies being considerably reinforced by water 
from chalk wells. 



The Stanhope Water-softening Apparatus. 

The Stanhope apparatus (Fig. 13) is one which carries 
out the continuous process and is arranged for automatic 
regulation, the water supply being divided into suitable 
proportions before passing through the reagent tank or to 
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the mixing tank. Thus the reagent solution is saturated 
lime water and the soda solution is mectsured oflf by the 
lime-mixing gear which is driven by a water wheel actuated 
by the actual water entering the apparatus. This wheel 
keeps the lime constantly agitated and ensures saturation 
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Fia. 13. The Stanhope Softener (The Stanhope Co.). 

of the portion of water which flows through it. The lime 
mixer is a small pump-chain, as shown in the illustration, 
except that in the present type of apparatus the up-running 
chain is inside a pipe and is thereby more eificient. 

The water from this and from the soda tank falls with 
the main supply into a mixing vessel and some of the deposit 
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is there deposited, the water thence flowing to the base of 
the settling tank, up which it slowly rises through the per- 
forated cones which are steeply inclined so as to shed the 
deposit, which they receive, towards the central tubes which 
convey it to the base of the vessel. Above the cones is a 
filter box of wood-wool. 

The ground area occupied by the apparatus is approxi- 
mately as below : — 

500 gallons per hour 9 ft. x 6 ft. "k For small type 

1,000 „ „ , 11 ft. X 6ft.V plant rectang- 

2,000 ,. „ , 14 ft. X Sft.J . ular tanks. 



2,000 „ „ , 11 ft. X Sft.l 

6,000 , 15 ft. X 15 ft. 

8,000 „ „ , 18 ft. X 18 ft. 

10,000 „ „ 20 ft. X 20 ft. 



Large type plant 
circular 
tanks. 



The figures of cost given by the Stanhope Co. are that 
each degree of hardness destroys 1'7 lb. of best hard soap 
per 1,000 gallons, in addition to the soap that really does 
duty as a detergent. Washing of a fabric does not take 
place, in fact, until the water lathers freely and to produce 
the beginning of a lather destroys the above amount of soap. 

One pound of lime will soften as much water as 4| lb. of 
soda carbonate, or 17 lb. of hard soap. 

The relative cost at ordinary prices, is : — with lime, 1 ; 
soda carbonate, 50 ; soda hydrate, 30 ; soap, 600. 

Not only is soap costly, but the product it forms is a scum 
and cannot be removed by settlement. It is also sticky 
and disagreeable. 

A water of 16° of hardness can be softened by lime and 
soda to 3° for an average cost of one penny per 1,000 gallons. 
This would cost 3^. 6d. in soap. 

London water requires 20 lb. of soap per 1,000 gallons 
more than the water supplied to Glasgow or Manchester 
and other of the northern towns. 

The soda is regulated neither by a cock nor by a dipper. 
A small portion of the hard water passes by a special nozzle 
from the inlet tank into the soda tank by two outlets which 
move up and down on a pivot, and are governed by a large 
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hydrometer in a second compartment of the soda tank ; 
according as the soda solution (which runs out past the 
hydrometer) is strong or weak, the hydrometer tilts the 
outlets so that the water either goes direct to the solution 
and dilutes it or goes direct to the soda and so strengthens 
the solution. The eflFect is, that the soda solution is always 
of the same eflFective strength, the requisite strength being 
determined by weights on the hydrometer. 

The Wollaston Apparatus. 

In this apparatus (Figs. 14, 14a) the process is continuous. 
The hard water is delivered down a cascade or modification 
of a salmon ladder and preferably meets a flow of exhaust 
steam which helps to facilitate the chemical reactions. The 




Fia. 14. Wollaston Apparatus (Diagrammatic). 

reagents are fed, as is also the total water, by means of 
pumps geared together to a suitable speed. The mixed 
waters fall on a centrifugal mixer A and then '^ descend to 
the base of the settling tank and away by the pipe B to the 
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clarifying tank C, in which its course is deflected to and fro 
over the edges of the inclined shelves D, which catch 
deposit and discharge it as indicated in the figure to the 
bottom, whence it is discharged. 

Probably all these continuous apparatus would be quick- 
ened in action if supplied with a means of returning some 
small portion of the old sludge to the hard water inlet so as 
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Fig. 14a. Wollaston Afpabatub. 
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to provide the nuclei which are found to facilitate the 
crystallization of freshly formed deposit. 

In a modification of the Wollaston apparatus the same 
pump forces water to both the lime solution tank and to 
the mixing tank, through a valve that is so geared to the 
pump that for each 100 strokes any desired proportion of the 
strokes deliver entirely to the lime tank and the remainder 
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entirely to the mixing tank. The relative proportions are 
thus very positively determined. The soda pump is also 
positively geared in correct ratio with the hard water piimp 
so as to ensure correct treatment. 

The Carrod Apparatus. 

This apparatus which, like others, works on the lime or 
lime soda process, according to the degree of temporary 




Fio. 15. Th£ Cabbod Softener. 
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or permanent hardness, is put forward as occupying little 
space. A capacity of 100,000 gallons per day calls for a 
floor space 18 ft. by 10 ft., and a height of 18^ ft. 

The operation is of the continuous order and automatically 
adjusts itself upon the opening of the water-supply valve. 

The mixture tanks at the top of the apparatus (Fig. 15) 
are in duplicate, the mixtures being prepared in one tank 
while the other is being used. The proportion of water 
diverted to the reagent tanks is decided by the size of the 
nozzles, the flow through which is kept constant by the 
constant head maintained in the tanks by ball float valves. 

The Paterson Water Softener. 

The Paterson Engineering Company are the makers of 
the water softener (Fig. 16). Lime and soda are the soft- 
ening reagents used. The hard water enters through an 
inlet controller into an automatic chemical supply apparatus, 
in which it is measured continuously, in its passage through 
a narrow vertical discharge weir, described later. Along- 
side the main re-action tank there is a lime water saturator. 
The measured water necessary to form the lime-water passes 
down the central pipe to the tapered bottom of the saturator, 
and in its passage upward through the cream of lime, with 
which the conical bottom has been charged from the slaking 
tank carried overhead, it becomes a clear saturated solution 
of lime, and as such flows into the mixing box. The supply 
of soda is drawn from the storage tank by a floating outlet 
and thence through a ball valve to the chemical supply 
apparatus. 

The hard water, soda and lime water are mixed in the 
mixing box, pass down an external drop pipe, shown dotted, 
and thence into the precipitating chamber, tangentially. 
Here the precipitation of the bulk of the impurities is facili- 
tated by dividing the water into thin films over a series of 
inclined settling plates. The semi-purified water then 
passes upwards through a preliminary strainer of wood fibre 
contained in the annular space between the quartz-sand 
filter and the shell of the main tank. 

The quartz-sand filter is for removing the last trace of oil 
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Fio. 16. The Patebson Wateb Softekeb akd Grease Elihikatoe. 
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and finely suspended matter. The filtering medium em- 
ployed is a specially prepared quartz silver sand resting 
upon a bed of fine pea gravel. The filtered water is drawn 
oflf by a large number of finely perforated gun-metal strainers, 
screwed into the manifold pipe system leading to the pure 
water outlet. 

The filter bed is cleaned by reversing the current of water 
through it, the impurities overflowing into the annular 
gutter, and thence through a waste pipe to the drain. An 




Fig. 16a. Detail op REOUiiATiNO Apparatus. 

air compressor assists this process, by thoroughly agitating 
and aerating the filtering medium. 

The automatic chemical supply regulating gear is shown 
enlarged in Fig. 16a. 

The hard water enters the chamber A through the inlet 
control valve operated by the large float in the mixing box D, 
passes through the perforated plate B, which ftees it from 
undue agitation into the measuring chamber, in the side of 
which is a long narrow vertical discharge weir C. It is 
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obvious that the level of the water in this chamber bears a 
definite relation to the amount of water passing through. 
The weir being long and narrow, gives a large range of motion 
to the float E, which rides on the surface of the water. This 
float is counterpoised by a balance weight, to which it is 
connected by a flexible cord passing round and fixed to the 
motion pulley keyed to the cross spindle, from which the 
needle valves G and G^ are hung, which control the supply 
of softening reagents. 

These needle valves are carefully calibrated, so as to 
ensiire that the ratio between the amount of hard water 
discharged by the weir C, and the quantity of reagents 
added is a constant at all variations of the load. The pro- 
portions of the reagents, however, can be varied to suit 
the nature of the water, by adjusting the floats of the ball 
valves, so as to increase or diminish the head of solution 
above the valve seats. 

The valve G^ in the chamber W regulates the supply of 
water to the lime saturator, from which it overflows to the 
mixing box as a clear saturated solution, whilst the valve G 
in the chamber H controls the supply of soda solution, the 
head of solution in these tanks being maintained at a con- 
stant level by the. ball valves, connected to the soda tank 
and the main water inlet. 
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CHAPTER X 
DETARTARIZERS 

APART from the class of water softeners which employ 
heat and soda on ordinary softening operations, 
there is a class of apparatus known as detartarizers, of which 
one of the best known type is the Chevalet Boby (Figs. 17, 
18). It consists of a cylindrical vessel built up of several 
similar sections, usually five. Each tray is pierced by 
several pipes or cones, which dip below the water in the next 
lower tray. Steam, preferably exhaust, circulates in the 
same direction as the water — ^viz., downwards. Cold water 
is admitted to the upper part of the apparatus, steam also 
entering the same top compartment. Both escape by the 
overflow tuyere to the tray below, and this continues all the 
way down, the steam being well mixed with the water. The 
various trays and cones adhere to the lime salts, which 
separate out of the heated water, and any oil not previously 
removed from the steam goes into the deposit. 

The non-condensed steam escapes from the lower opening 
by an outlet pipe, and a float in the lower tank regulates the 
admission of the cold fresh water to suit the demand. 

In the Delhotel purifier the steam and water travel in 
contrary directions. In the Buron purifier water is fed in a 
shower through the steam, which is also made to escape by 
way of dip pipes extending below the water surface, which 
is kept to an even height by means of a float in the draw-off 
vessel. 

The Granddemange detartarizer is built up also in sec- 
tions like the Chevalet, but the passage downwards of steam 
and water is by way of the circular rims of the various trays 
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and baffles which dip below the water level in the trays. 
The water supply is regulated by a float in the lower casing 
which receives the water, and the surplus steam escapes by 
a pipe from the lower case. Water and steam travel in the 
same direction. 
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Fio. 17. Chevalet-Boby Detartarizer. 

In the Weir Feed Heater (Fig. 76) the water is sprayed 
through steam and regulated by a float, and air or other 
gases which are held to be responsible for so much corrosion 
are trapped off at the top of the apparatus. 

All these apparatus, when arranged to collect deposit on 
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their trays and tuyeres, are made so that they can be com- 
pletely dismantled for cleaning when a sufficient accumula- 
tion of scale has taken place. Such accumulations are not 
difficult to move when attacked fresh and wet before they 
have had time to dry or to absorb carbonic acid from the air. 
They all act on the principle that at 100° C. = 212° F. the 
excess of carbonic acid which keeps lime carbonate in solu- 
tion, is given off, and if lime sulphate is present the addition 
of carbonate of soda serves to convert this into lime car- 
bonate, which deposits, and soluble sodium sulphate. 




FiQ. 18. Detail op Trays. Chevalet-Boby Detabtarizeb. 

They find their chief field where steam engines work non- 
condensing, or where there are no flue feed heaters. Even 
where these are present there appear reasons to consider that 
the detartarizer might be advantageously placed between 
two flue feed heaters, one of which should be fed with water 
at 100° F. from the condenser, and the second should be 
fed with water at 212° F. from the intermediate detartarizer, 
which receiving water at perhaps 180° F. from the first 
heater, would add sufficient steam to raise the temperature 
to 212° F. for causing deposit, and so saving the formation 
of scale in the second section of the flue heater. 
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As elsewhere stated, the operation of water softening may 
be very varied, and it must be arranged to suit the conditions 
of each particular case. 
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FiQ. 19. The Patebson Feed- Water Heater and Purifier. 
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The Paterson feed-water heater and purifier, shown in 
section Fig. 19, is designed to utilize exhaust steam for 
raising the temperature of the feed water. The steam enters 
at the side of the heater, and rises to the top through a series 
of settling and scale-arresting trays. The hard water is 
admitted at the top through an automatic inlet control valve 
to the distributing box, from which it passes to the upper 
settling tray, over the edges of which it flows in a thin film, 
adhering to the underside, and thence trickling in a fine rain 
into the next tray, and so on through the series ; as a con- 
sequence the water is brought into intimate contact with the 
exhaust steam, and is rapidly raised to a temperature of 
212^ F. The carbonic acid gas is driven off, and the scale- 
forming salts deposited in and upon the trays. 

After leaving the trays the water passes to the precipi- 
tating chamber, where the great bulk of the impurities is 
deposited, and thence to the quartz-sand filter bed, where 
purification is completed, and from which the boiler feed is 
drawn absolutely free from any trace of oil or suspended 
matter, and at a temperature of from 210° to 212° F. 
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CHAPTER XI 
FILTERS 

ESPECIALLY where space is limited the complete pre- 
cipitation of the lime salts separated from a treated 
water is not always possible by the method of settlement. 
A certain amount of the finer deposit is sometimes carried 
forward, and if it is desired to remove this filtration must be 
resorted to. 

Filtering material must be easily permeable to water but 
of such a nature as readily to pick up the fine particles of 
deposit. One such material is the common sponge of the 
Bahama Islands ; another is wood-wool, produced from pine 
wood, a material much used for packing purposes and very 
cheap. It is produced by some process which leaves it very 
rough, and it offers therefore an immense amount of surface 
for catching deposit. Broken coke may also be employed 
as a filtering medium. Other filters are made from flat 
bags of closely woven cotton canvas held in frames between 
supporting flat plates of perforated metal. 

In an ordinary filter of sponge or other filling it is con- 
venient that the water should enter below and pass upward 
through the material. For this purpose the base of the 
filter is simply a free space into which enters the water. A 
hopper bottom collects sediment, which can be run out by 
a sludge tap. The upper boundary of this base piece is a 
perforated plate or a grid supporting a depth of a few feet 
of filtering medium which is held down by an upper plate or 
grid. At the top is the outlet. In order to cleanse such 
filters the course of the water is reversed and the deposit 
collected on the sponge, etc., is washed off and discharged 
through the sludge tap. This type of filter is not considered 
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suitable for more* than mechanical filtration, or simply to 
follow up the action of depositing chambers. No doubt a 
very cheap filter could be arranged in a tall storage or 
depositing vessel by hanging a grid below a second grid 
by means of rods coming through to the top of the tank. Be- 
tween the grids would be a mass of wood-wool, and cleaning 
would be accomplished by agitating the material by raising 
and lowering the lower grid so as to cause the deposit to be 
washed off the fibres, this being done when no water is pass- 
ing through and the agitation can be followed by a period of 
rest for the deposit to sink away from the filter grid. For 
ordinary boiler-feeding purposes no serious harm occurs 
from such small quantities of carbonate of lime deposit as is 
carried through to a boiler when the softening apparatus is 
of ample size. Some deposit will even be foimd after filtra- 
tion through cotton bags. These bags, when choked with 
sediment, can only be cleaned by removing them from their 
frames and washing out in water, the bags being turned 
inside out. 

For large suppUes of water a dirty or muddy source may 
be made bright and clear by the aid of large sand filters of 
the type employed by the water companies. These filters 
consist of large tanks or dams with evenly sloped bottoms 
on which are laid lines of perforated or open jointed pipes 
buried in a layer of large stones. Above this follows layers 
of smaller stuff in gradually decreasing size, the top layer 
being several inches of sharp sand. From the pipes ascend 
above the top sand a number of air- vent pipes to allow. the 
filter bed to become full of water. Slow downward move- 
ment through the sand is permitted, and the dirt remains 
behind on the sand, the surface of which is scraped off from 
time to time as it becomes choked and inoperative. The 
scraped-off sand is washed for use again and again. 

This filtration only removes suspended matter and bac- 
teria. It does not abolish the necessity for softening, but 
the softening process may cause the deposit of mud carried 
in suspension. Occasions will arise where preliminary filtra- 
tion may be an advantage, or where being present for other 
reasons may be utilized. 
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It is customary to allow one square yard of filter bed for each 
700 gallons per twenty-four hours, but this allowance must be 
increased for very muddy waters, hence the advisability of 
settling ponds. From 3 to 6 inches per hour is a suitable 
downward rate of flow through the filtering materials, and 
9 inches of head of water should produce a sufficient pressure 
to do this when the filter is clean, and when the head reaches 
24 or 30 inches it is time to clean the surface. 

A usual depth of bed is 6 feet, made up of 30 inches of fine 
sand, 6 inches of coarse sand, 6 inches of shells and 30 inches 
of gravel. The open joint pipe drains are in lines every 2 to 
3 yards, and an air pipe is provided for each 9 to 16 square 
yards of area. The sand surface is lightened up with forks 
at each cleansing to correct any hard packing. 

Where large quantities of water are required and there is 
ample ground space available, a settling pond may with 
advantage precede the filter proper. The dirty water is 
first pumped into the settling pond, one end of which is 
divided off by a wall within which the pumped water be- 
comes quiescent. It escapes thence over the wall into the 
main division and is taken off preferably from the surface 
at the extreme end. When possible a sludging drain is 
provided to remove accumulated mud or the tank must be 
periodically emptied. It is therefore better to have settling 
ponds in two parts if the water carries much mud. 

The settling tank eases the duty of the filter. Needless 
to say such settling tanks may even be the sediment tank of 
the actual softening process, but for the present the filtra- 
tion of a water supply is alone under consideration. A 
settling pond may be filled by pumping, or it may have 
direct supply from a river. They may be wholly excavated 
in the ground or wholly raised above ground. A very cheap 
tjrpe of partly excavated tank has been constructed by the 
Author as follows. First the foundation of a brick wall has 
been dug out to a depth of about 3 feet 6 inches, and a wide 
bed of good concrete filled in on which a brick wall of 18 
inches has been built in cement mortar up to the ground 
level. Above this the thickness is reduced to 13^ inches. 
A collar joint of neat cement is run round every course. As 
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the wall rises in height the interior of the tank is excavated 
and the material tipped and rammed outside the wall. If 
the calculations are property made the earth excavated will 
suffice to form an outer flat-topped sloped bank to assist the 
stability of the brickwork. The concrete foundation being 
now exposed inside the tank is washed clean and the tank 
bottom laid in concrete to join up to it. The whole interior 
is rendered in sharp sand and cement mortar and finished 
smooth with a finer and richer coat thinly applied on a well 
scribed surface. 

The outlet or sludge pipe is placed solidly in a concrete- 
filled trench and curves up to finish flush with the tank 
bottom. The outer earth slopes are grassed over. 

Where a brick wall must be depended upon to retain 
water, it should not be less than 14 inches thick at the top, 
and should be built with a collar joint of cement mortar. 
The base thickness should be at least two-thirds the height, 
to resist the overturning moment, which is found by the 
formula P = 10-4 IP ; where P is the pressure concentrated at 
one-third the depth of the water from the bottom, and H is 
depth in feet. P is thus the overturning moment in foot- 
pounds, and should not exceed one-third of the stability. 
The stability is the product of the weight of a foot length of 
wall into the distance from the outer toe to a perpendicular 
let fall through the centre of gravity of the section. Thus 
in a pond 6 feet deep the overturning moment is 2,246 lb. 
If the wall is 2 feet thick at the top and 4 feet at the base, 
and battered equally on each face, and has a weight of 150 
lb. per cubic foot, its stability about the outer toe will be 
3x150x2x6 = 5,400 foot-pounds, an amount that is 
so nearly sufficient that it would be made obviously safe by 
reducing the top to 18 inches and thickening the base to 
4 feet 6 inches. Sometimes division walls are built in the 
reservoir, dividing it into several sections, through which 
the water flows in succession. 

The graphic method of determining the stability of a wall 
is shown in Fig. 20. 

Let P be the overturning moment = 10*4 IP acting at 
one-third the depth of water from the bottom. 
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Let a 6 = P to any convenient scale. 
Let a c = W to the same scale as a b, where W is the 
weight of a foot length of a wall of the section efgh. 

Then a c must be drawn vertically through the centre of 
gravity of the figure efgh. 

Complete the rectangle abed, and join a d cutting the 
base of the wall at n. Then h n must measure more than 
one-third of h g, or the wall will be of too low a stability. 
J{ hn ia found to be less than one-third of h g, the wall 
section must be increased and a fresh calculation made. 
Obviously, if battered on the outer side, the centre of gravity 
may be brought nearer the water face, and stability secured 

more surely than by the 
battering of the inner wall. 
It is, however, to be re- 
membered that a batter 
on the water face transfers 
some of the weight of the 
water itself in a downward 
direction and helps the 
stability. 

It is most important 
that joints in the brick- 
work should be good. 
Hence the advantage of 
cement rendering of the 
water face. Otherwise 
water pressure getting in between joints may assist to 
overturn a wall. 

Large tanks can be built in a minimum of space of cast- 
iron plates bolted tc^ether with internal or external flanges. 
These are often rendered water-tight by rust cement joints. 
Tank plates with machined flanges can be jointed with thin 
painted brown paper, and such plates with suitable lugs for 
internal stays are now made by Mather & Piatt in standard 
sizes for tanks of any desired size or shape. 

An ordinary sand filter bed is rectangular in shape and 
about 8 feet deep, with a bottom gently sloped to a central 
channel covered with flag or filled with big stones. The 
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cross drain pipes run to this central channel, but some prefer 
to cover the whole bottom with large stones in place of using 
pipes, as they consider the percolation more even. Others 
again cover the whole filter bottom with drain pipes packed 
in pebble gravel. 

The actual filtering sand is best when 0-008 inches in 
diameter, the limits of size being preferably 0-005 to 0-01. 
Practically all filtration is done at the upper surface, and it 
is claimed by some that no real filtration takes place until 
the surface has acquired a sort of gelatinous vegetable 
growth over it. It is generally agreed that until this growth 
is formed full-rate filtration should not be allowed. When 
the filter surface finally becomes choked by this growth and 
by mud the filter is allowed to run dry, and the top layer of 
sand is sliced off thinly, about i inch or i inch only being 
removed. This is washed and stored for future use. 
Cleansing in time reduces the thickness of the sand to 12 
inches. It is then time to fill up the original with the 
washed sand, the filter surface being first thickly sliced off 
and the new sand well bonded to the old by forking. 

For manufacturing purposes a filter may then usually be 
at once used, but for potable purposes a newly sanded filter 
is best filled up from below with previously filtered water, 
otherwise the first water from a newly sanded filter must be 
returned to the top or run away. An average spare area to 
allow for cleaning is provided to the extent of 20 per cent, 
more or less according to conditions. 

Rapid Filters. 

Where space is an object filters are made in the form of 
closed tanks, and water is forced through them under pres- 
sure at rates of flow upwards of two or even three hundred 
times that usual in ordinary filters. Such mechanical filters 
are cleaned by reverse flow of about one-twentieth the 
amount of water filtered. They are not suitable for potable 
water purposes, but only for manufacturing uses. 

Large open sand-filter beds have considerable decolorizing 
effects on water. The Author has purified the dye-stained 
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water of the River Mersey, black with dye from hat works, 
by similar settling ponds and sand filtration. 

When softening is not to follow filtration the operation of 
the filter will be facilitated by the use of a grain or two grains 



Filtered 

waier 




refuse 
Fig. 21. Reisebt Filter (Royle). 

of alum per gallon of water to coagulate organic matter and 
assist sedimentation. It is a question whether such alum 
should not be added to the supply as it flows into the settling 
pond. 
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The Reisert Filter. 



In this apparatus (Fig. 21) automatic cleansing is resorted 
to. The muddy water to be filtered enters the chamber B 
and flows downwards as shown by the arrows, into the 
chamber C and so reaches the filter bed F, through which it 
passes leaving behind its impurities on the upper sui^face 
of the filter. 

The filtered water from the chamber V finds its way 
upwards via the pipe K into the chamber R and finally over- 
flow6 the diaphragm N into the filtered water outlet E. 
Obviously, the rate of filtration will vary with the state of 
the filter bed and the head of water in B. As the filter bed 
becomes foul and its resistance to the flow of water increases, 
the water level in B rises and establishes a corresponding 
level in the pipe L, which it will be observed is in connexion 
with C. Inside this annular pipe L is another pipe S, which 
extends from nearly the top of L right through the filter bed 
and receiver V to the waste water channel G, forming the 
base of the filter. As the water rises in L there presently 
arrives a time when it overflows at J and so forms a syphon. 
The current through the filter is thus rapidly reversed, the 
water in R flowing back through K and upwards through 
the filter bed, the deposit on the filter being thoroughly dis- 
turbed and carried into the waste channel G. The chamber 
R is proportioned to contain sufficient water to effect this 
cleansing operation thoroughly, and as this chamber emp- 
ties, air enters and destroys the action of the syphon and 
the cleansing ceases. The filter then resumes its normal 
working. This cleansing operation is repeated as often as 
the state of the filter requires and is entirely automatic. 

The Reisert Water Softening Apparatus has a filter 
similarly arranged for automatic syphonic cleansing. Such 
filters must of course be filled with a suitable material of the 
nature of sand, which will readily part with the dirt and 
deposit collected and wiU also settle back when cleaned 
into place for further action. The reverse flush also must 
be so proportioned to the space occupied that it wiU not 
carry away the filtering material. 
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CHAPTER XII 
BOILER COMPOUNDS 

BY far the most usual method of treating boiler-feed 
water for prevention of scale and the boilers them- 
selves for removal of old scale is to add to the feed- water tank 
certaih compounds. Considerable mystery is always at- 
tached to these compounds, but there is nothing really 
mysterious in their composition. Their basis is soda, and 
their other ingredients are extracts of tannic substances, and 
many of them contain starchy or gelatinous matter which 
is supposed to serve the purpose of coating each individual 
grain of scale-forming material with a mucilaginous cover, 
whose purpose it is to prevent the particles adhering. A 
loose mud is thus formed which can be more readily blown 
out. 

Where proper care is taken to suit the compound to the 
water boiler compositions may be fairly effective. When 
the deposition of additional scale is prevented by them and 
no further cementitious action can take place, the natural 
effect of working a boiler is to set free scale from the plates. 

The cost of boiler compounds is very great as compared 
with the amount of active material present, for so large a 
proportion of water is present in all compoimds of a liquid 
or gelatinous nature. As stated above most compounds 
contain carbonate of soda, which serves to reduce the lime 
sulphate and precipitate it as carbonate of lime in muddy 
form. No doubt also caustic soda is a component part of 
some compounds. Indeed it would be a very proper con- 
stituent where the compound is fed into the feed tank, for 
here we have an approximation to that external treatment 

96 



Digitized by LjOOQ IC 



BOILER COMPOUNDS 

of feed water which it is the object of this book to recommend 
as the most correct method of treatment. 

The tannic compounds in boiler compositions are 
extracted from such timbers as oak, quebracho, chestnut, 
logwood and others which contain tannin. 

The object in employing these products with soda is to 
introduce organic matter into the old scale in order that 
when it has penetrated to the surface of the metal below the 
scale, decomposition may be set up which causes a disrup- 
tive effect and splits off the scale, sometimes in large slabs. 

The following reactions are claimed by M. Taveau to take 
place when tannic acid produced from nutgalls or oak- 
apples is treated with water and subsequently submitted to 
prolonged boiling. 

CuH,o09+H20=2C7H«05. 

After boiling CyHaOs = CO2 +C6H6O3, or carbonic acid 
and p3rrogallic acid which forms with the lime salts, 
digallate, gallate and pyrogallate of lime. M. Taveau * 
gives a formula for a quebracho mixture used by the 
Chemins de fer de I'Ouest. It is made from 24 kilos, of que- 
bracho and 12 kilos, of caustic soda boiled in a vessel of 100 
litres capacity for three hours and made up finaUy to 180 litres, 
which when cold has a specific gravity of 11° to 12° Baume. 
The liquid is fed in amounts of a quarter to half a kilo, per 
boiler after each cleaning, and a tenth to a fifth of a kilo, 
per cubic metre of subsequent feed water. 

The Chemin de fer du Midi employ an extract of que- 
bracho in the proportion of 0-176 of tannin per gramme of 
lime or magnesia in 1,000 litres of water. 

The State Railways of France boil 130 kilos, of campeche 
wood with 150 kilos, of carbonate of soda in 1,000 litres of 
water, and employ 0-0156 kilos, of the liquid per cubic metre 
of water per degree of hardness. 

The Orleans Railways use a liquid at 8° to 10° Baume pro- 
duced by prolonged boiling of 60 kilos, of carbonate of soda, 
75 kilos, of campeche and 25 kilos, of quebracho. It is used 

* Epuration des Eaux. Paris : Gauthier Villars. 
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in the proportion of 0*016 kilo, per d^ree of hardness 
per cubic metre. 

The Chemins de fer de I'Est employ extract of chestnut 
12 kilos., carbonate of soda 10 kilos., and water 78 litres. The 
chestnut extract has a gravity of 25^ Baum6, and contains 
40 per cent, of extracts of which tannin amounts to three- 
fourths. Every day 2 litres are placed in the water tanks of 
the tender and 4 litres are used in each boiler direct after 
cleaning, which occurs about every ten days. 

M. Taveau strongly recommends aluminate of barium, 
which has the disadvantage of high price enhanced by the 
high atomic weight of barium — viz., 137 against calcium 40. 
By its use new deposits are rendered quite pulverulent and 
old scale is disintegrated. He does not profess to explain 
these reactions, for theory does not explain the results 
which demand a quantity of the reagent far superior to the 
quantities employed successfully. 

He suggests that the reagent becomes successively 
regenerated, and is able to act again and again much as 
carbonate of soda acts on carbonate of lime. 

Aluminate of barium of 5^ Baume solution is advised to 
be employed in doses proportionate to the degrees of hard- 
ness and generally about 10 grammes of the solution per 
degree of hardness per metre cube of feed water. With a 
notable proportion of lime sulphate, n = 10(|A + B), where 
A is the total hardness in degrees, B is the permanent hard- 
ness, and n is quantity of solution in grammes per cubic 
metre. 

Various Substances. 

Of the many other substances employed as disincrustants 
petroleum has the credit of loosening scale from boiler plates 
and of preventing adherence of fresh deposits. It appears 
probable that the addition of petroleum in a dried out boiler 
would ensure the absorption of the oil by the scale, and that 
when under steam again the oil would be driven off and 
produce no evil effects. Without expressing any opinion 
on the safety of petroleum the Author would say that 
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nothing heavier than the lamp oils should be used, for a heavy 
oil which did not readily evaporate at the steam tempera- 
ture might have effects as bad as an orgam'c oil, though this 
is denied. Experiment seems to be wanting to prove the 
true effect of mineral lubricating oils as compared with 
organic oils in retarding the passage of heat from the plates 
to the water and in mixing with lime or magnesia salts to 
form spongy compounds. Caution should be exercised in 
regard to all mineral oils pending further knowledge. 

Varnishes. — M. Taveau states that the adherence of scale 
may be prevented if the interior of a boiler is painted with 
a mixture of graphite 26 per cent, and black mineral varnish 
75 per cent., and that the results are good even if the appli- 
cation is inconvenient. 

He comments also on the introduction of potatoes and 
other starchy substances, which when hydrated become 
converted into cyanodextrin and dextrin thus — 

37i(C8Hio05) +nH20 =nCeIl,20e + 2nCeR,o(^5, 

and these combine with the precipitant salts and form a 
slippery mud which cannot compact itself and is more easily 
removed. 

No doubt all the similar bodies have somewhat these 
effects, such as the Irish moss, slippery elm bark, etc. 

Talc to the weight of one-tenth the weight of the incrust- 
ing matters of the water is sometimes employed, and though 
often considered inert it is thought may give rise to reactions 
akin to those of the alkaline silicates. 

The promiscuous use of boiler compounds is not to be 
advised. They should never be placed en masse in a newly- 
cleaned boiler, but should be thoroughly dissolved and run 
in with the feed. When the boiler is set to work the com- 
pounds should only be added with the feed, being dissolved 
and fed to the feed tank or pumped into the feed pipes by a 
small pump which will only pump in the proper quantity by 
working constantly. 
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Cleaning a Boiler. 

Much of the good accompUshed by a successful disin- 
crustant will be lost by unproper cleaning of a boiler. 

To clean a boiler properly a quantity of water may if 
required be first blown out and its place filled by a further 
supply. The boiler must then be left imtil it has become 
cold, the dampers to the chimney being a Uttle open to cool 
the flues, or if other boilers are at work and this cannot be 
done because of chilling the economizer, a current of air can 
be ensured by opening up the back downtake of a Lanca- 
sliire boiler or some suitable door in other boilers. 

When cold the water should be run out, and while still 
wet and before acted on by air the loose mud should be 
washed off the whole interior with a hose and the cleaners 
sent in at once to scrape off the scale while soft. If left to 
dry, the deposit, which is free from the second equivalent of 
carbonic acid, CO2, begins to absorb this gas from the air 
and to form harder crystalline scale. 

It has been found to promote scale removal to supply a 
big dose of soda, and successively raise the boiler full of 
water to 212° F., and to cool it twice. 

Some years ago a process was introduced for freezing 
boilers free from scale. A boiler thoroughly wet was frozen 
by pumping cold air through it. The water in the scale 
disintegrated tliis by its expansion when forming ice, and 
caused it to separate. The process was said to be effectual 
and is based on sound theory apparently, but the Author has 
no information as to cost or its present position, or if it is in 
practical use. 

Scale of long standing is apt to be very tough. The 
Author has seen the spaces between the shell and flue tubes 
of Lancashire boilers completely blocked with scale, and the 
lower back end of the shell covered perhaps 6 inches thick. 
It is very difficult to remove such scale while the water that 
produces it still continues to be employed. Where an 
alternative water supply is available the boilers may be 
cleansed by one water of the deposit caused by another. 
This is more readily possible with locomotives. In one case 
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which came particularly under the Author's notice certain 
locomotives which had become considerably incrusted by 
the use of water from a chalk well were found to be thor- 
oughly cleaned when fed with a mixture of water obtained 
from a borehole which collected its supply from the sand- 
stone of the Upper and Lower Tunbridge Rocks and the 
Ashdown Sands. These sand waters were soft and had a 
soluble effect on chalk scale. 

This fact brings up a possible effective cleansing process. 
It has been suggested that weak acid will attack Ume scale 
before it will attack the plates of a boiler. The following 
effect is supposed to be produced by adding hydrochloric 
acid to carbonate of lime scale, 

CaO,C02 + 2HC1 = CaCU + CO^ + H^O ; 

soluble calcium chloride being produced with water and 
carbonic acid. 

Similarly if sulphuric acid is employed the result is CaSO^, 
or lime sulphate, instead of chloride, and the scale is softened 
for removal especially if treated with a wash of soda, caustic 
or carbonate, to intensify the breaking up effect. Possibly 
even with a lime sulphate scale some effect could be 
obtained with hydrochloric acid. The SerpoUet tube boiler 
is cleaned with acid. Condenser tubes have been cleaned 
by circulating acid water through or over them, and there 
seems no reason why the same effect should not be secured 
with scaled boilers if the process is carefully conducted. 
Especially after the proper softening of a water has been 
commenced old scale would be gradually loosened by aid of 
a very gentle acidulation of the feed water, which will not, 
it is thought, attack the plates so long as any scale remains 
on which the acid can extend its energies. Such operations, 
of course, require to be carried out under intelligent super- 
vision. 
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CHAPTER XIII 
CORROSION 

STEAM boilers suffer from corrosion due to the solvent 
properties of the feed water. 

The Longdendale Water Supply of the City of Manchester 
comes from a gathering ground of the Millstone Grit For- 
mation, more or less clothed with peat bog. The water 
contains some acid, probably tannic, and has a slight cor- 
rosive effect upon boilers. In the district of Mytholmroyd 
in Yorkshire some of the streams are exceedingly corrosive, 
and will eat away the whole inside of a boiler very rapidly. 
The canal at Walsden fed from such streams, and perhaps 
further contaminated by acid manufacturing wastes, is also 
exceedingly corrosive. 

Coal-pit water is also frequently destructive by reason of 
its acidity. 

All such waters can be neutralized by the use of soda, and 
should be neutralized until they show an alkaline reaction 
with red litmus paper. But soda is more expensive than 
Ume, and it would appear more rational to pass the feed 
water through a mass of limestone chippings or to add lime 
to it in order to neutralize the acidity. Should the neutral- 
ization be so complete and thorough as to cause scale to be 
deposited in the boiler, a slight cessation of the neutralizing 
treatment would speedily remove the scale. Acid water in 
fact only requires treating on exactly the same lines as, when 
applied by Nature, produce the natural hard waters. Steam 
users who stand aghast at the Author's suggestion to empl6y 
weak acid in order to destroy thick scale by dissolution will 
stand unconcernedly by and watch the water from an acid 
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canal rapidly dissolve a £500 boiler to danger point and 
scrap value. 

One pound of sulphuric acid will destroy one pound of 
carbonate of lime scale. Three-fourths of a pound of hydro- 
chloric acid will produce the same effect and hydrochloric 
acid will be the cheaper agent to employ for boiler cleaning 
so long as its price is less than 4 as compared with 3 for 
sulphuric by weight. 

Prom the price list annexed, as given in a number of the 
Electrtccd Review, it will be seen that hydrochloric acid is 
cheaper per cwt. than sulphuric by about 10 per cent., and 
that as a destroyer of scale it is therefore nearly a third less 
costly. 

CHEBaCAIiS, ETC. £ 8. d. 

Acid : Hydrochloric ... ^ ... . 06 Operowt. 

Nitric 1 2 „ 

„ Oxalic 1 12 „ 

„ Sulphuric 5 6,, 

Alumina : Al\im, Lump, loose 5 5 per ton 

„ „ „ in casks .... 5 7 '6 „ 

„ „ Ground, in bags .... 5 15 „ 

Sulphate of (14%) 4 10 „ 

Ammonia : Carbonate 3f per lb. 

„ Muriate (crystal) 33 10 per ton 

. • 30 „ 

Ammoniac : Sal, Lump, Ists (delvd. U.K.) . 42 „ 

2nds „ . . 40 „ 

„ „ 2 2 Opercwt. 

Barytes : Lump Carbonate, 90-92% ... 3 10 „ 

„ Sulphate, No. 1, White .... 2 15 „ 

Bleaching Powder 5 5 0,, 

Borax: British Refined Crystal . 12 per ton 

Potash : Bichromate (delvd. England) 3 per lb. 

Carbonate, 90-92% (c.i.f. Hull) . . 18 per ton 

„ Caustic, 75-80% (c.i.f. Hull) . . . 20 10 „ 

„ Caustic, 75-80% . ' 24 „ 

Soda: Ash, Caustic, 48%, Ordinary ... 550,, 

„ „ 48%, Refined .... 650,, 

„ „ Carbonated, 48% 5 10 „ 

„ „ „ 58% (Ammonia Alkali) 

net 4 10 „ 

„ „ Bleachers' Refined Caustic 50-52% 

net 6 10 „ 

„ Caustic White, 77% 10 10 „ 

„ 70% .... net 9 12 6 „ 

„ 70% . . . . „ 10 16 „ 

M 60% . . . . „ 8 12 6 „ 
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Soda : Caustic Cream, 60% 

Crystals 

„ in bags ... 
„ in barrels 
Bicarbonate, in 1 cwt. kegs 
Bichromate (delvd. England) 
SQicate, Solution, 140 Tw. 
Sulphate of Magnesia . ^ . 

Talc: (French chalk) c.i.f. Liverpool 



net 8 10 per ton 

3 0,, 

3 „ 

3 7 6,, 
6 15 „ 
21 per lb. 

4 10 per ton 
4 10 „ 
3 10 „ 



As visible in steam boilers corrosion takes several forms. 
A very usual form is that known as pitting, which consists of 
isolated circular spots of active corrosion which attack the 
plates of the boiler by no means generally. This pitting 
will occur internally along the line of the seatings of the 
Lancashire boiler. Pitting is thought to be due partly to 
something in the nature of the metal which is more easily 
attacked at certain spots. It is recommended that pits 
should be thoroughly scraped clean and painted with red 
oxide or red lead paint, and that further progress will be 
checked. When very frequent they become confluent and 
begin to present more the appearance of general corrosion. 
Pitting is apt to occur near the inlet of cold feed water, and 
much evidence points to it being caused by gases set free 
from insuflSciently heated feed, for pitting will occur when 
scale is deposited and the presence of acid is negatived. 

Really acid water produces general corrosion of the whole 
interior under water surface of a boiler. Sometimes the 
effect is so even and continuous that no very accurate esti- 
mate of the amount eaten away can be made. Sometimes 
the shell rivet seams will hardly be touched, and in that 
event the body of a plate may be very seriously corroded 
without reducing the strength of a boiler. 

Grooving is a form of corrosion which attacks plates and 
angles when subject to bending, as at the line of contact of 
the front end plates of a shell boiler with the attaching angle 
irons, at the root of those angle irons, and even along the 
longitudinal rivet seams of the shell of a lap-riveted boiler 
and at the root curve of the flanged seams of the fiunace tube 
and round the base ring of the locomotive or vertical boiler 
firebox. 

This grooving is largely a mechanical product, but though 
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it will occur in neutral water it is much intensified by acidity, 
and it is dangerous in certain situations, as when it occurs 
in longitudinal seams under tension stress. 

Some waters not naturally acid become so at high tem- 
peratures, as when chloride of magnesia decomposes with 
formation of free hydrochloric acid. This phenomenon has 
become more serious as pressures and therefore tempera- 
tures have become higher. 

Galvanic action has been advanced as a cause of corrosion 
and its remedy proposed by the fixing of blocks or slabs of 
zinc in metallic connexion with the boiler. The boiler is 
saved at the cost of the zinc. Galvanic action, when ex- 
pended on the boiler itself, attacks some parts more than 
others. Hence the objection to copper, which throws the 
destructive action upon the iron, and hence the use of zinc 
which is attacked before iron. Generally the immunity 
from attack depends on the relative electro-positiveness of 
the different metals involved. Oil and grease of an organic 
nature, apart from their dangers in other respects, will de- 
compose to fatty acids and destroy boiler plates with the 
formation of iron soaps. The general fact may be stated 
that a boiler fed with hot water and kept faintly alkaline 
will not suffer from corrosion to any serious extent, for the 
hot feed implies freedom from corrosive gases, and the alka- 
linity impUes freedom from acid and galvanic action. Mr. 
Weir provides air traps to remove the air from heated feed 
and prevent its entry to the boiler. 

Absolutely pure water may be assumed to have an effect 
on a boiler, and roof-coUected rain contains acids, especially 
in manufacturing districts, and also carbonic acid. In 
every works the whole available roof and yard area should be 
utilized for rain collection as boiler feed, for it will contain 
no scale-forming material. 

Boilers are sometimes exposed to peculiar conditions as 
to feed supply. 

A singular case of explosion occurred in Sheffield. A 
boiler using a river water exploded from rapid acid corrosion 
in the hands of new owners, who treated it as they treated 
their other boilers drawing from the same stream a few 
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yards lower down stream below a slight weir. Investigation 
disclosed the fact that the waste acid from an electro-plating 
works dribbled into the edge of the stream a few yards 
higher up stream, and this acid flowed directly past the 
intake of the feed to the exploded boiler. The fall over the 
weir thoroughly mixed the acid with a large bulk of water, 
and boilers below the fall were not affected. The incident 
serves to show how alert the engineer must be to detect 
faults. The new owners treated the exploded boiler ex- 
actly as they did others ostensibly fed from the same source, 
though actually there was no similarity between the two 
feed waters, for one was a powerfully acid water, the other 
a large river in which acid had been mixed in small com- 
parative quantity. 

The water of the Mersey which has in the main flowed 
from the miUstone grit area of East Lancashire and the 
North Peak district, and received as sewage the soft water 
supplies of the cities and towns of East Lancashire, is 
specially pumped at Warrington for boiler purposes, or was 
some years ago. On the Thames at Deptford the water is 
so bad, probably because of chloride of magnesia, that water 
tubes are rapidly corroded through in holes. The general 
nature of the water in any district may be judged by tracing 
the river courses on the geological maps. 

Many boilers fed with muddy water would be improved 
merely by provision for the water to settle out its mud, a 
process that may be hastened by the use of alums and by 
filtration. 

Every case requires individual attention, and there are 
few cases where an improvement cannot be made. 

In Chapter VI. reference will be found to the corrosion 
which takes place under a thick sulphate scale such as occurs 
in many of the low-pressure boilers of the Burton breweries. 
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CHAPTER XIV 
INCRUSTATION OF PIPES 

WHEN the flow of water through a pipe is rapid the 
corrosion and incrustation is worse than with gentle 
flow. 

Chalk well water softened by the lime or Clark's process 
produces a clean layer of carbonate of lime inside a pipe. 
Hard chalk water resting in a pipe and exposed to heat, 
even gentle, may deposit some of its lime salt. 

Surface waters, especially if at all peaty, will produce 
rust in pipes. It is said that water from the Old Red Sand- 
stone will neither produce rust nor deposit, but that from 
the Lower Greensand will produce rust. It is often a more 
or less ferruginous water, and on exposure to air its soluble 
iron acquires a further proportion of oxygen, becoming in- 
soluble peroxide. The process may be hastened by blowing 
air through the water or by sprinkling the water through the 
air. The change is fairly rapid, and the iron, first produc- 
ing cloudiness, soon gathers as a flocculent body and is 
deposited, leaving the water bright and clear. Until this is 
complete the water ought not to be passed through pipes, 
for it will fill them in process of time with an ochreous mass 
of rust. Pipes will not rust themselves if properly treated 
with Angus Smith's compound of pitch and tar. Before 
treating they should be cleaned from end to end from ea<;h 
end with a revolving steel brush. They are then to be 
heated and dipped vertically into the melted compound, in 
which, while standing, they ought to be again brushed, the 
brush revolving each way, to remove all traces of air bubbles, 
for it is at the pin holes caused by air that rust always 
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begins in a coated pipe. The Aathor has used ^aas-Iined 
pipes for particiilar cases. Galranized or mMM»ated pipes 
are also mach used, bat zinc is by no means a permanent 
cavering, and it is soluble in rain water to some extent, for 
drinking of water cdHected on zinc roofs is a somewhat power- 
ful dentifuge. 

Water containing peaty acids particularly and rain water 
also, particulariy from town roofs and perhaps all soft water, 
are more or less powerful solvents erf lead, and much lead> 
poisoning has been caused in the North of England by lead 
pipes. In that part of the country hou.««e-service pipes are 
of lead and are powerfully dissolved, especially in the hot 
water systems. In London, where the water supply is hard 
and does not aflfect lead, the house-service pipes are of iron. 

The lead solvent action is curable by a sufficient dosage 
of ground whiting introduced near the headworks of the 
water supply so as to ensure thorough mixture and solution 
before reaching the houses. If not thus treated to prevent 
its solvent action, such water should only be served through 
tin-lined pipes in the houses. Probably lead pipes have 
been used because of the rusting action of peat waters on 
iron pipes. When a water is safe to pass through lead or to 
store in lead cisterns it will produce a white-coloured lining 
on the lead. 

Lead pipes are rendered safe by a tinned interior if this is 
well applied. Iron pipes are tin lined by first threading a 
tin [)ipe through the iron pipe and causing the tin tightly to 
expand by exposing it to a heavy hydraubc pressure. 
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CHAPTER XV 
OIL SEPARATION 

IN order to render condensed steam fit for use in a boiler 
it is essential to safety that the oil it now contains 
should be removed. Oil separation is effected both mechan- 
ically and chemically. 

Chemical oil separation is effected after the greasy exhaust 
steam has been condensed and it may be combined with a 
mechanical process. 

Mechanical separation is effected either before or after 
the steam has been condensed. 

Mechanical separation is effected more or less perfectly 
by the De Rycke separator, which is an enlarged length of 
the exhaust pipe fitted with spiral blades, designed to impose 
a whirling motion upon the flowing steam whereby oil and 
water are thrown outwards by centrifugal action and drained 
off. 

Other mechanical separators consist of a large area of 
sheet metal arranged to divide the flowing steam into 
numerous thin layers with the object of causing every par- 
ticle of oil to touch such surface which will adhere to it. 
Such separators demand large area and considerable volume 
if they are to be successful. 

The De Laval cream separator has been employed to 
separate oil from condensed water as this flows from the 
condenser. 

Some modification of the ordinary separator is necessary 
to provide for the very small proportion of " cream " — i.e. 
oil. The oil discharged from such a separator comes off 
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clean and apparently fit for use again. The sudden reversal 
of flow is made to cause oil separation, as in Holden & 
Brooke's Separator (Fig. 22). 

To avoid grease there is a tendency to run engines without 
lubrication, but it is by no means certain that this practice 
can be of universal application. When grease enters a 
boiler, no matter how finely emulsified it may be, the condi- 
tions in the boiler appear very effective in causing the oil to 
separate. The oil appears to adhere to the plates of the 
boiler or to combine with some of the scale-forming salts, 
especially the carbonate of magnesia or floury deposit with 
which it produces a spongy greasy compound which, if it 
should settle on any heated plate, will cause overheating. 




Fia. 22. Holden & Brooke. 

Grease has a very peculiar effect in a boiler, for it retards the 
passage of heat very seriously. Stromeyer says, that J in. 
of scale will raise the temperature of a plate 300° F., whereas 
less than 0-001 in. of grease will produce a far worse effect. 
He also states that the effects of grease are intensified where 
scale is also present. 

Seeing that grease attaches so readily to mineral matter 
an effective method of clearing water from the evil is to mix 
it with hard water and put the whole through the customary 
softening operation, when the grease will disappear with the 
sediment. 

Grease is essentially dangerous, and no effort must be 
spared to keep it out of boilers. 
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The Hooper Oil Separator. 

This apparatus, as made by Lassen & Hjort, acts on the 
principle of admitting the greasy exhaust steam into a vessel 
of considerable area. This reduces the velocity of flow to a 
minimum. The steam has then to pass by a number of 
perforated plates which collect the oil and whence from 
their edges next the containing vessel the collected oil falls 
to the bottom of the separator and is drawn oflf when the 
gauge glass shows that a sufficient quantity has collected. 




«Fio. 23. Bakeb Grease Sefabator. 

If a drop pipe can be brought down 35 ft. below the separator, 
it will be self-draining even when applied to the exhaust 
of a condensing engine. Otherwise, either an airlock must 
be provided or a small pump. 

In the Baker separator (Fig. 23) the principles employed 
are wholly mechanical. These are stated as follows, and 
are generally applicable to all mechanical separators of 
static form. They are : — 
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WATER SOFTENING AND TREATMENT 

1. Ample capacity to allow the steam to expand, and 
consequently move slowly. 

2. Forced contact of the steam with a surface of water 
which attracts and holds loose particles of oil which have 
been carried forward mechanically. 

3. A slight lowering of the temperature of the steam, 
which is inevitable where expansion takes place, and at the 
same time a *' dew-point " being reached, at which the 
vapour of oil begins to separate itself from the vapour of 




Fig. 23a. 



Fig. 2;Jb. 



water, forming molecules which adhere to the first surface 
with which they are brought in contact. 

4. A series of baffles which, dividing the steam into numer- 
ous thin streams, bring it into contact with one or another 
of these bafflers, which form at the same time channels for 
the grease to trickle down into the well at the bottom of the 
separator, sufficient aggregate area of steam passages must 
be provided necessary to avoid undue friction or back 
pressure. 
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OIL SEPARATION 

A considerable saving is claimed from the employment of 
separators, because the boilers are supplied with hot water 
(from the ** hot well" at 100° F.) mstead of with cold water 
at 50° P. 

The abolition of grease also means enhanced safety for 
the boilers and better results from the surface condensers, 
which act better when their tubes are clean. Then the oil 
can be filtered and used again. 

When, owing to the use of superheated steam there is not 
much water in the exhaust steam, some water must be 
added to assist oil separation. The greasy water discharged 
is collected in a large tank, and as it cools the oil separates 
out better and floats and may be removed for filtration. In 
the annexed Table VIII. are given as a guide a few dimen- 
sions of oil separators. 



TABLE VIII. 

DrMENSTONS OP OiL SEPARATORS. 



Approxi- ! 

PoumUof ni!!m«®*J Diameter 
Steam I>»an»cter; o,sh„„of 

P**" ***'"^- iKKhaiwt " Separator- 

Pi IK'S. , 



im) 



Pi|K»S. , 

n 



500 


.3 


.3,000 





7,500 


10 


18,000 


19 


30,000 


24 


00,000 


24 


150,000 


:u> 



Heisht I Face to Face • j Approximate 
of Shell of of Weight. 

Separator. Flanges. 

Tom. Cwt. Qfb. 



1 ft. 


Oin. 


1 ft. 6 in. 


1ft. 


10 in. 





2 


3 


2 „ 


., 


2 „ „ 


3 ., 


,, 





8 





3 „ 


,. 


4 ,. „ 


4 „ 


2 „ 





18 





4 „ 


„ 


„ „ 


5 ., 


„ 


2 


3 





5 „ 


3 ,. 


8 ., „ 


., 


„ 


3 


7 





« M 


„ 


9 ., „ 


8 ,. 


., 


C 


3 





8 „ 


3 „ 


11 „ „ 


9 „ 


9 „ 


9 


15 





n „ 


0„ , 


15 „ „ 


12 „ 


., 


IG 


10 






Chemical Oil Separation. 

Complete oil separation by mechanical means is not 
possible. The very fine emulsion which gives a slightly 
milky colour to the water of condensation still persists. 

In Fig. 24 is sho^vn a magnified image of a small film of 
emulsified oil. The oil particles appear globular, distinct 
and independent. 

113 I 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 

Pig. 24a, however, shows the same after treatment with 
alumino-ferric or the double sulphate of iron and alumina. 




Fig. 24. Fio. 24a. 

MicBO- Photographs of Gbeast Condensation Wateb, befobe and after 

FriiTRATTON. 





Fig. 25. Fig. 26. 

Illustrations of Experiments in the Filtration of Greasy Condensation 

Water, 

The effect of this is to coagulate the oil. Just what coagula- 
tion means is best shown by this microscopic enlargement. 
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Similarly, Pig. 26, No. 1, shows the opacity of a glassful 
of emulsion before filtration. After filtration through an 
ordinary filter paper no effect is produced, Pig. 25, No. 2. 
The same after treatment with alumino-ferric is seen in 
Fig. 26, No. 3. The opacity still continues because the oil 
still remains in suspension and stays the passage of light. 




jjijtfipjjWil^^^^ 



OUTLET 

Fig. 27. Patebson Grease Sepabator. 



If this treated water, however, is filtered, the effect of filtra- 
tion upon coagulated oil is apparent in Fig. 26, No. 4. The 
only full remedy for oil is chemical treatment and subsequent 
filtration, and the remedy acts best when combined with the 
make-up water softened by the Porter-Clark process. 

Examined microscopically, therefore, jars 1 and 2 would 
show the appearance of the micrograph (Fig. 24), while 
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jar 3, though as opaque as jars 1 and 2, would give the 
micrograph (Fig. 24a). This explains why it is thus possible 
to filter out the coagulated oil and produce a pure clear 
water, as in jar 4. 

Figs. 27, 28 and 29 give the plan and elevation and sec- 



PllUM* UP CMMCCTION 




Fio. 28. Paterson Grease Separator. 

tional elevation of the Paterson Condensation Water Purifier 
for the purpose of effecting the results just described. 

It will be seen in Fig. 27 that the greasy condensation 
water, after passing through a perforated baffle plate to 
free it from undue agitation, enters the measuring float 
chamber of the automatic chemical supply regulating gear, 
and overflows through the vertical discharge slit or weir, 
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shown dotted, into the mixing trough below, where it mingles 
with the coagulant discharged by the needle valve in the 
chamber adjacent to the chemical storage tank, to which it 
is connected by a ball valve for maintaining a constant 
head of reagent above the valve seat. The other valve 
chamber may be connected to the make-up water supply, 
and adjusted to add from 6 per cent, to 10 per cent, make- 
up at this point. 

The bulk of the grease separates out on the surface of the 
water in the reaction and precipitating chamber in the form 




FlO. 29. PATEB80N GbEASE SEPARATOR. 

of a thick sludge, which can be overflowed to waste when 
necessary. The sedimentary matter falls to the bottom 
and is flushed to the drain periodically. The water is par- 
tially clarified before passing into the filter by upward 
straining through wood-wool fibre, contained in the pre- 
liminary strainer. 

The filtering medium employed is a special quartz silver 
sand (almost pure siUca) resting upon a bed of fine pea gravel. 
The action of the coagulant is to form an exceedingly fine 
gelatinous precipitate, which seals up the interstices between 
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the sand grains and forms an impervious barrier to the oily 
globules. The pure water is drawn off uniformly from the 
under side of the bed through a large number of gun-metal 
strainers, screwed into the manifold pipe system leading to 
the pure water outlet duct. These strainers are fitted with 
finely perforated renewable phosphorbronze screens. An 
automatic outlet controller, by throttling the outlet dis- 
chai^e, prevents the possibility of the filter being drained 
empty when running on light load. 

To wash the filter the current of water is reversed through 
the bed and the impurities flushed over the waste gutter to 
the drain. This cleansing is assisted by the agitation, 
aeration, and sterilization obtained from forcing air through 
the bed by means of an air injector. Attention is required 
about ten minutes daily for re-charging the chemical storage 
tank and flushing out the filter. In electric lighting stations 
during the simimer when the load is light, the purifier may 
only require attention once a week 
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CHAPTER XVI 
MECHANICAL BOILER CLEANERS 

THERE is a class of apparatus known as mechanical 
boiler cleaners, which depend for their effect on the 
fact that freshly separated hme and magnesia salts are often 
very fine and light and float at the surface. These boiler 




Fio. 30. Ths H0TOHKIB8 Affa&atub. 
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cleaners consist of a vessel placed above the boiler and con- 
nected with it by two pipes, one of wliich ascends from a 
skimming funnel placed at the water surface, while the 
other descends well below water level. It is found that a 
continuous circulation of water is maintained by reason of 
the fact that water in the rising pipe tends to form more 
or less foam as it attains a higher level and is under less 
pressiu*e, whereas the descending column, entering upon 
horizons of greater pressure, is maintained as water. The 
upper vessel is divided by a diaphragm plate and the cir- 
culating water drops its sediment in the quiet vessel, whence 
it is blown out. In some cases the effect has been such that 
boilers have only required cleaning at long intervals. All 
the water appears to circulate through the cleaner or, at 
least, all the surface water carrying the new scale-forming 
matter. Only temporary hardness can be dealt with, any 
sulphate requires the help of soda in addition so as to con- 
vert the sulphate of lime to the carbonate which is then 
within the capacity of the cleaner to deal with. 

The Hotchkiss apparatus (Fig. 30) is based on the above 
principles, and it is claimed to be effective, not only as a 
remover of the lime salts, but also of grease and oil, so that 
condensed greasy steam may be used in the boiler without 
danger. The economy of these apparatus lies in the fact 
that blowing-out ceases to be necessary and much heat is 
thus saved. 
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CHAPTER XVII 
PURE WATER 
USUAL standard of purity for water is — 



Hardness bolow 6°. 

Chlorine not above 1 in 100,000 if of organic origin. 
Nitrites and nitrates — indicative of previous sewage contamina- 
tion, 0*2 to 0-3 parts per 100,000. 
Ammonia salts not above 0'099 per 100,000. 
Organic carbon, not over 2 per 100,000. 
Organic nitrogen, not over 3 per 100,000. 
Albumenoid ammonia, not above 0-0099 per 100,000. 

Schomberg advises that a water may be made chemically 
pure by adding to each litre of water 0-06 gramme of free 
bromine in the form of potassium bromide. Very polluted 
water requires more and may be made slightly straw colour. 
In five minutes all injurious germs will be destroyed, and in 
another five minutes the addition of an equal amount of 
9 per cent, ammonia solution will render the water clean 
and tasteless and fit to drink. 

The addition of a minute fraction of sulphate of copper 
to water is said efficiently to destroy all bacterial life. 

Pure water in the above senses is, however, not required 
for steam-boiler purposes and lies outside the scope of this 
volume, which deals with the reduction of deposit, for, both 
in steam raising and in manufacturing, the absence of deposit 
is conducive to efficiency in steam generation and good 
quality in the texture or colour, or both, of tanned goods, 
dyed goods or bleached fabrics. Rather than use any 
chemicals which will leave salts in solution in a boiler, such 
as sulphate of soda, when sulphate of lime is reduced by 
carbonate of soda, brewers will allow their boilers to become 
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badly incrusted. Any salt in solution will, of course, pass 
over to the vats with the priming water. Experiment 
should show whether the usual steam dryers or water sepa- 
rators would not fully cure this. Dry steam will not carry 
salts. The Author hesitates to say if every particle of salt 
can be removed by a water separator and cannot say how 
small a proportion of sulphate of soda could be permitted 
in brewing. This point, however, is properly within the 
duty of the brewery chemist to consider, for if drying can 
be brought to a sufficient perfection it should pay well in 
fuel saved to put a stop to the very severe scaling which is 
found to occur in brewery low-pressure boilers using hard 
water. 

The Author suggests that, low-pressure boilers are a mis- 
take. The velocity of steam inside a boiler and through 
the outlet pipes is inversely as the absolute pressure, and 
priming is thus apt to be more severe with low-pressure 
boilers. When particularly pure steam is wanted the anti- 
priming pipes ^ in a boiler should be long and finely perfo- 
rated, and even two outlet valves may be an advantage. 

Pure water may be produced by the circulation of steam 
from a high-pressure boiler through the tubes of an evapo- 
rator. Low pressure steam may thus be raised from a scale 
forming water and the scale which forms on the evaporator 
coils can readily be removed. Unless sulphate of lime is 
present, needing soda to remove it, a water can be softened 
by lime without fear of the effects in brewing. 

^ Seo Steam Pipes : their Design and Construction (Constable 
& Co.). 
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ABSTRACT OF REPORT UPON THE INCRUSTATION IN 

BOILERS, 

Occasioned by the Action of some of the Waters in and 
ABOUND Manchester and the neighbourhood. 

BY 

Dr. R. ANGUS SMITH, F.R.S., F.C.S., etc.. etc. 

Part First. 

Chalk and Gypsum Waters. 

THE specimens sent to me to represent the waters of this 
district were of three kinds-^lst, Alkaline or rather Chalk 
Water ; 2nd, Neutral or Gypsum Water ; and 3rd, Acid Water. 
The second is always in this district found mixed with No. 1 
or 3. 1 and 3 are always mixed up with No. 2. Nos. 1 and 3 
cannot occur in one specimen. 

It is of course weU known that all such waters are hurtful 
to boilers, but in very different ways. The first is hurtful be- 
cause on being warmed the carbonic acid which keeps the lime 
in solution is driven off with the vapour of the water, and the 
carbonate of lime falls to the bottom in form of a crust more or 
less compact. This crust is a well known substance and is the 
source of many complaints, and the cause, no doubt, of many 
accidents and injuries. 

As an example of crust from water belonging chiefly to the red 
sandstone, a specimen from Tyldesley and one from near Man* 
Chester were analysed, giving — 
1. From Tyldesley : — 

Carbonate of lime .... 83*995 per cent. 

Sulphate of lime .... 3*625 „ 
Carbonate of magnesia . 8*833 „ 

Silica 3*000 „ 

Oxide of iron and alumina . 0*500 „ 



99*963 
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2. From Manchester : — 

Carbonate of lime with oxide of 

iron 70-108 per cent. 

Sulphate of lime .... 3-220 „ 

Carbonate of magnesia 21 •876 „ 

Silica 4-796 



09-999 



Many attemptH have been made to remove the crust without 
the use of the hammer, and many attempts have also bean made 
to prevent its formation. The necessity of removing it by 
force occurs at intervals of days, weeks, or months, according to 
the amount of lime in the water and the amount of water 
evaporated. This mechanical method of removal must certainly 
be injurious to the boilers. Not to mention the great amount 
of vibration to which they are exposed by the process of ham- 
mering, a certain amount of oxide of iron is always removed 
by each removal of crust. This, of course, is soon succeeded 
by another coating, and the process of rusting is thereby facili- 
tated. 

To prevent the formation of the crust, it has been proposed 
to coat each particle of lime at the moment of its escape from 
solution with an organic substance, such as starch or mucilage, 
or any cheap material soluble to some extent in water. Such 
substances have been found in potatoes, buttermilk, gelatine, 
fish, blood, and oily or waste oleaginous matter, and we may 
add all the soluble parts of plants. When the carbonic acid 
leaves the water, the particles of carbonate of lime which are 
then allowed to fall cannot approach so closely to each other 
as in pure water, and instead of uniting into a compact body, 
they remain in a separate condition and form with the water a 
mass of mud. This mud is blown off from the boiler at given 
intervals, according to the circumstances of the case. 

These methods are generally found sufi&cient for a short time, 
but seldom for a long one. 

A cleaner and much more beautiful method was proposed 
some years ago. It consisted in the use of chloride of ammonium 
or sal-ammoniac. When this salt is boiled with carbonate of 
lime, the chlorine unites with the calcium and forms chloride 
of calcium, which is very soluble in water ; the ammonia goes 
with the carbonic acid into vapour. I am told that the process 
is, or at least has been, used a good deal on the railways in the 
South of England, where the water contains carbonates of lime 
and magnesia, with frequently no more than a small trace of 
any other salt. Sal-ammoniac costs about £35 a ton. A ton 
will serve for about a million gallons of the water of the Thames. 
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When muriate of ammonia or sal-ammoniac is boiled in solution 
in water, some ammonia is given off and the acid remains. This 
acid (muriatic) dissolves iron unless a large amount of lime be 
present. The boilers are, of course, attacked by an excess of it. 
It is probable also that the ammonia or carbonate of ammonia 
given oflf in this process may come into contact with brass or 
copper, to which it is apt to be injurious. 

When water, such as the first class or chalk water, is to be 
treated, the process of Professor Clark is by far the best. This 
process consists in adding caustic lime to precipitate the car- 
bonate of lime or chalk. But neither of these processes fits 
well the waters of this district. Clark's process has not been 
found convenient for waters containing only 6 or 6 grains of 
carbonate of lime, although with great care it may be made to 
apply to them. Neither Clark's process nor the sal-ammoniac 
process has any effect on the sulphate of lime contained in water. 

The waters around Manchester may be considered as repre- 
sented by the following analysis, which represents no one 
specimen in particular — although nearly that of tlie old water 
supply, [i.e. prior to Longdendale. W.H.B.] 

Carbonate of lime, 6 grains per gallon ; 

Sulphate of lime, 8 grains per gallon ; 

Carbonate of magnesia, 1 to 2 or 3 grains per gallon. 

By Clark's beautiful process, 28 grains of caustic lime throw 
down 50 grains of carbonate of lime from the water, and become 
themselves converted into other 50 grains of carbonate of lime. 
By this means 28 grains of caustic lime thrown into a solution 
of carbonate of lime in water cause the precipitation of 100 
grains of that salt. The lime when it exists in solution in water 
is made, properly speaking, a bi-carbonate, as, besides water^to 
keep it in solution, there is also carbonic acid. The precipitate 
falls down white and like fine chalk, which it really is. If there 
be organic matter existing in the water the lime attaches itself 
to a large proportion of it, and the precipitate is thereby darker 
according to the amount of impurity, whilst the water is pro- 
portionately clear. This plan throws down, in many cases, 
also as much of the magnesia as may be in a state of carbonate. 
The sal-ammoniac process acts also on the carbonate of magnesia. 
It might be said that even with such waters as we have near 
Manchester this plan could be adopted, if great care were to 
be taken to remove the carbonate of lime ; the sulphate remain- 
ing, being soluble, would not form a crust, if it were blown off 
before the solution became extremely concentrated. I will not 
say that this is impractioable, but it seems to require more 
refinement than we can expect, as I have just been presented 
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with a specimen of crust of extreme hardness, which, on analysis, 
gives 78* 16 per cent, of sulphate of lime. 

The existence of this crust is of itself a sufficient proof 
of the great importance of removing the sulphate of lime as well 
as the carbonate. The crust made by the former is generally 
harder and more difficult to remove, whilst it is scarcely possible 
to affect it by any chemical method. At the same time it 
must be added that there are waters in Lancashire to which 
this process of Professor Clark's can most readily be applied, 
such as some from parts of the red sandstone, and contain 
12 to 15 grains of carbonate of lime per gaUon, with very little 
sulphate. The necessity of overcoming the difficulty presented 
by the sulphate of lime induced me to make many trials ; the 
results of the most practicable will be here given. It is known 
that carbonate of soda throws down the lime from sulphate of 
lime, or rather decomposes the salt. If we add carbonate of 
soda to a water containing sulphate of lime or gypsum, carbonate 
of lime falls down, and sulphate of soda remains in solution. 
Now, sulphate of soda is an extremely soluble salt, it is extremely 
innocent, and would rarely require blowing off. 

By two processes, then, the whole of the hme may be removed 
from the water. One process by caustic lime removes the 
carbonate, and another process by carbonate of soda removes 
the sulphate. As it is found that a small amount of carbonate 
of lime does not precipitate well, this additional quantity 
derived from the sulphate will assist it in rapidly falling. 

It is not agreeable to render anything complicated, and one 
process has already been found too much. By a little considera- 
tion we can convert these two processes into one. 

Caustic soda, when added to a solution of carbonate of lime 
in water, or a solution of bi-carbonate of lime, takes up the 
carbonic acid exactly in the same manner as caustic lime, and 
precipitates carbonates. (This is similar to Clark's process, but 
so far is inferior that the caustic soda will not itself fall out of 
the water.) In doing this the caustic soda becomes carbonate 
of soda, which, as we have seen, decomposes sulphate of lime. 
Now, if we add caustic lime to carbonate of soda, we obtain 
caustic soda. By the use of caustic soda, then, we unite the 
two processes into one. Again, as caustic soda is formed by 
the mixture of lime and carbonate of soda, we may use them 
together for precipitation, or we can make the caustic" soda 
separately and then use it. When rapid precipitation is want-cd 
the lime and carbonate of soda are best used together ; when a 
large precipitate is to be avoided, then it is better to use the 
caustic soda alone. 

Carbonate of soda and lime are equivalent to catistic soda used 
alone. 31 grains of dry caustic soda will throw out of solution 
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50 grains of carbonate of lime. 28 grains of lime do the same, 
but they faU down also and make the precipitate 100 of carbonate 
of lime. Soda, therefore, causes a less bulky precipitate than 
lime when chalk alone is to be treated in the water, because the 
soda, instead of falling like the lime, remains in the solution. 
But now comes the chief difference. When the caustic soda 
has removed the carbonate of lime, it becomes converted into 
carbonate of soda, and this carbonate of soda acts upon the 
sulphate of lime, forming carbonate of lime again and sulphate 
of soda. The whole of the lime, therefore, falls in whatever 
condition it be, and a little sulphate of soda only remains. The 
salts in the water are composed thus : — 

Lime Carbonic acid. 

Carbonic acid. 
Lime Sulphuric acid. 

Add caustic soda and we have — 

Lime Carbonic arid. 

Soda Carbonic acid. 

Lime Sulpliuric acid. 

Which again breaks up into — 

Soda Sulphuric acid, or sulphate of soda. 

lAme Carbonic acid »\ , ^ ... 

Lime Carbonic acid, j°''««''b«"^*^«^ 1»"^^- 

These two latter portions of carbonate of lime fall together, and 
the sulphate of soda remains. 

As many persons who read this will not understand chemical 
symbols, I have used the full words ; chemists can easily translate 
it into their formulas. It might be shortly written so — 

CaO 2CO2 + CaO SO, + NaO = CaOCOa -f NaO 00^ + 
CaO S03 = NaO S03 + 2CaO CO/ 

Carbonate of magnesia and sulphate form similar compounds 
and undergo the same decompositions, according to circumstances 
to be noticed. Let us apply the decomposition to the normal water 
around us containing 6 grains of carbonate of lime dissolved in 
carbonic acid and water, and let us suppose 816 grains of sulphate 
of lime. Add 372 grains of caustic soda; these at once become 
6*36 grains of carbonate of soda, and 6 grains of carbonate of 
hme fall. The 6*36 grains of carbonate of soda attack the 8' 16 
grains of sulphate of lime and become 8 52 of sulphate of soda, 
whilst other 6 grains of carbonate of lime fall. Altogether there 

* In the present day notation for Na read Nag in each case. The 
present atomic weiglit of Na is 23 to oxygen = 16. — Author. 
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are 12 grains thrown down, and the soda is made to act twice 
decomposing the salts. The first action is by absorbing an acid ; 
the second is by changing this acid for another. Used in this 
manner 31 grains of caustic soda throw down 100 grains of 
carbonate of lime. 

If any one will say that the soda goes to the sulphuric acid 
at once, and not in the method I have pointed out, I shall only 
add that the result will be exactly the same. 

If grains are not found agreeable as units, it is, of course, 
easy to make the calculations on a larger scale. If we use 
7,000 gallons of water, our numbers will remain the same, pounds 
taking the place of grains. 

7,000 gallons of water, such as mentioned, contain — 
6 lbs. of carbonate of lime, 
8*16 lbs. of sulphate of lime, 
add 3*72 lbs. of caustic soda, 
the result is 8*52 lbs. of sulphate of soda in solution, 
and 12 lbs. of carbonate of lime thrown down. 
Thus, as before, 28 lbs. of lime remove 60 of carbonate of lime 
from chalk waters. 
31 lbs. of soda remove 100 of carbonate of lime 
from mixed waters such as this. 

Soda, tlierefore, removes nearly double the quantity removed 
by lime, in the case of mixed chalk and gypsum waters, but 
tlio price is about 20 times greater than that of lime. The 
process will, therefore, be 10 times more expensive than the 
lime process. It is, however, scarcely fair to compare the two, 
as the lime process will not answer the purpose in view. Let 
a ton of carbonate of soda cost £10, the caustic soda in it and 
the lime used would cost about £18. The calculation of 20 
times Ls, therefore, rather low. However, a ton of soda costing 
about £18 would precipitate 2,107,527 gallons of water, with 12 
grains of carbonate of lime in solution, or 4,215,054 of mixed 
water, such as we have in view. 

It may be asked, in what way the precipitant should be used. 
I beUeve the best of all methods is to have a tank for precipitation, 
and when the clear water remains after the fall of the lime, it 
may be transferred to the boiler. As the precipitation occurs 
very rapidly, it would not be needful to have more than a day's 
supply of prepared water. I believe that, in many cases, a few 
hours' supply would be enough. According to experiments 
made to try Professor Clark's process, six hours' supply, or even 
less, would be enough. 

Caustic soda is made by adding slaked lime to carbonate of 
soda. 
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1 ton of caustic soda (dry) is made by 



112 lbs. 

1 lb. or 7,000 grains 



Carbonate of soda. Cauatic lime. 
3820-6 lbs. and 2023 lbs. 
= 34-19 cwt. „ 18-06 cwt. 
or 34 cwt. 21 lbs. 
191 lbs. and 101-15 lbs. 

1 1967-7 grains „ 6322-1 grains, 
or 27*36 ounces or 14-4 ounces. 



To prepare caustic soda the carbonate of soda is, of course, 
used in solution. It is better warmed, but this is not needful ; 
the warmth of newly-slaked lime assists the action. As it is not 
possible to weigh the caustic soda dry, and not convenient to 
weigh it in any condition, I shall make the calculations on the 
amount of carbonate converted into caustic. 



Amount of carbonate of soda to be 

converted into cauBtlo and used for 

1,000 gallooB of the water to be treated. 

Supposing 1 gr. carbonate lime to exist 

in solution in a gall, water 1060 grains. 

2 grains „ „ 2120 „ 

„ 3 „ „ „ 3180 „ 

4 „ „ „ 4240 „ 

„ 5 „ „ „ 6300 „ 

„ 6 „ „ „ 6360 „ 



and so on. This is equal to 2*42 ounces of carbonate of soda 
for 1,000 gallons of water for every grain of carbonate of lime 
per gallon. This will also precipitate the lime from the sulphate 
at the rate of 81 6 grains of sulphate for every six grains of 
carbonate. 

If sulphate of lime should exist in the water alone, the 
carbonate of soda may be used by itself without adding lime 
to reduce it to caustic soda, although it is better to add a minute 
quantity of caustic soda in order to remove the small amount 
of carbonic acid dissolved even in such waters. In this case 
the amounts used will be — 











Carbonate of soda for 1,000 gallons. 


^OI 


• 1 grain of 


sulphate of lime 


in a gallon of water. 


use . 779-4gms. 




2 grains 


»» 




>> 


„ . 1658-8 „ 




3 „ 


»» 




»> 


„ . 2338-2 „ 




4 „ 


i9 




99 


„ . 3117-6 „ 




6 » 


»> 




»> 


„ . 3897-0 „ 




6>„ 


»» 




»» 


„ . 4676-4 „ 




7 ^., 


tt 




»f 


„ . 6466-8 „ 




8 "„ 


99 




»> 


„ . 6235-2 „ 



This is equal to 1*78 ounce of carbonate of soda per 1,000 
gallons for each grain of sulphate of lime per gallon. 
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For salts of magnesia : — 

Carbonate of soda made caustic and 
added to 1,000 gallons of yrsLi&T. 

For 1 grain of carbonate of magnesia in a gallon, use . . 1261 '9 grns. 
„ 2 grains „ „ „ . . 2523'8 „ 

» 3 „ ,, ,, >> • • 3/85«7 ), 

This is equal to 288 ounces of soda per 1,000 gallons for each 
grain per gallon. 

For sulphate of magnesia existing where there are no carbonates 
the amounts are as follow — 

Grains of carbonate of soda reduced to caustic 
and added to 1,000 gallons of water. 

For 1 grain of sulphate of magnesia per gallon, use ... 883*33 grns. 

„ 2 grains „ „ „ ... 1766-60 „ 

» 3 „ „ „ „ ... 2649-90 „ 

This is equal to 201 ounces of carbonate of soda per 1,000 
gallons for each grain of sulphate of magnesia per gallon. 

It is not needful to add any soda to precipitate the sulphate 
of lime or magnesia unless existing in a greater proportion than 
8 16 of sulphate of lime to 60 of carbonate. 

There are cases where special calculations must be made ; 
for example, where there are mixtures of carbonates and sul- 
phates of lime and magnesia, but I fear to complicate the matter. 

The precipitation by caustic soda is not exactly a novelty, 
but I have not seen it carefully examined, and the examination 
and full explanation of the matter are somewhat new. Mr. 
Thom, of Birkacre, Chorley, has used it for some time there, 
and at May field some time before 1847. I recommended it in 
one case several years ago. Mr. Thom found the complete 
removal of lime by soda to be very valuable when printing 
delaines. The soap made with the lime a coating which became 
yellow when heated, and injured the whites. The double action 
on the carbonates and sulphates of lime has not, as far as I know, 
been noticed. 

I am aware of certain advantages occasionally received from 
having a small amount of impurities suspended in the water. 
If a boiler be inclined to leak slightly, even if in good order or 
quite new, a little mud in the water gradually fills up the spaces 
— too small to be found by the eye, and not easily cured by the 
hammer. This is a most legitimate use of insoluble matter, and 
I do not suppose that it is advantageous to have the metallic 
surface of the iron within the boiler completely exposed. Any- 
thing which exposes it constantly is apt to prepare the way 
for a new oxidation. But there is no fear of this great purity 
of water, it is not easy to keep it long in the boiler even in a 
moderate condition of clearness. However, the use of a little 
lime or muddy water, to fill up minute crevices, is very different 
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from the constant accumulation of mud in the boiler. I have 
tried silicate of soda by itself as a precipitant, but without any 
success. One of the substances sold for preventing crust has 
been brought to me when writing this ; it is composed of caustic 
soda and carbonate, as well as soap. 



Experiments Relating to the Pbecipitation of Limb and 

Magnesia. 

Nearly all the lime may be precipitated, and practically we 
may say that all may be. The following are fair specimens of 
what may be obtained in practice — 

On using strong solutions of carbonate of lime, the amount 
left in solution was when — 



Precipitated by caustic soda 
„ „ lime 



Not PrecipiUted. 

1*06 grains per gall. 

1-23 



When tried on specimens of water sent by Messrs. Clegg, of 
Tyldesley — 

Gnins. 

Specimen 1, amount of lime left in a gallon . 0*80 

2, „ „ . 0-20 

„ 3, „ „ . 1-06 

„ 4. „ „ . 0-13 



When these specimens were precipitated with great care and 
kept free from the influence of the air, the whole was thrown 
down. If removed too early, the precipitate is not found at 
the bottom ; if allowed to stand too long, a little becomes dis- 
solved. On a large scale we cannot go farther into minutisB. 

When sulphate of lime exists in the water the amount preci- 
pitated was as follows — carbonate of soda being used — 

Grains of Sulphate of lime in Amount of Carbonate of lime to Amount of Carbonate of limo 
tbd Gallon of Water. which the Sulphate is equal. actually recovered. 



6-000 


3-670 


3-57 


4-000 


2-940 


2-94 


3-090 


2-270 


2-26 


3-000 


2-200 


0-68 


1-615 


1-187 


1-13 


1-292 


0-950 


0-93 


0-969 . . 


0-712 . . 


0-71 


0-646 


0-475 . . 


0-20 



In nearly every case the third column is equal to the second, 
showing a complete removal of the lime. 

In another case water was precipitated by these four agents, 
with the following results — 
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Grains of Carbonate 
of lime removed. 

By caustic soda 6*46 

„ caustic lime 2»66 

„ soda lime 3*33 

„ ccurbonate of soda 0*55 

This water contained carbonate of lime ; the carbonate of soda 
is introduced merely to show that it can be of no advantage in 
this case unless made caustic. I find that caustic soda pre- 
cipitates carbonate of lime in a laboratory with much more 
facility than caustic lime does, and when a Jittle excess ia added, 
it is allowed to gather carbonic acid from the air without forming 
a crust such as lime forms. But this is not an objection to lime 
when used on a large scale, as the water is then put in motion 
and no crust forms ; besides it is possible on a large scale entirely 
to avoid excess. 

I was not so fortunate in precipitating sulphate of magnesia 
when it existed alone in the water. Indeed, when the preci- 
pitate was allowed to stand long, absolutely nothing was to be 
got. In the following five experiments 008 gr. remains, about 
the weight of two filters — 

Amount of sulphate in solution . 12-50 10-00 7*50 6-00 2-50 
Amount of precipitate . . . 0-08 0-08 0-08 0-08 0-08 

A fair specimen of the experiments with carbonate of soda and a 
little caustic soda, is — 



of Sulphate of 


Grains of Carbonate of 


Carbonate of magnesia, 


sia in solution. 


magnesia. 


precipitate. 


5-0 


3-5 


. . 1-60 


3-0 


2-1 


. . 2-07 


2-0 


1-4 


. . 1-14 



This shows that there is a possibility of entirely removing it. 
When precipitated along with lime there is less need of care, 
and three results gave of carbonate remaining unprecipitated — 

Grains in a gallon. , . . 1*30 0-82 0*407 grains. 

But, again, another gave 3*7, this depending on the management 
of the precipitate, as explained, and partly on the amount of 
alkaline salts in the water. At the same time, the precipitation 
of the magnesia from the sulphate of magnesia is not of import- 
ance, as that salt is so very soluble as to be incapable of making 
a crust unless with the greatest carelessness, and even then water 
would be sufficient to remove it. 
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SUMMABY. 

I will now sum up the conclusions to which I have come relating 
to these classes of waters : — 

1. That chalk waters are best treated by Clark's process ; 
that IB, by caustic lime. 

2. That mixed chalk and gypsum waters can be precipi- 
tated completely by caustic soda. 

3. That g3rpsum waters may be precipitated by carbonate 
of soda, with the addition of a minute quantity of caustic 
soda. 

4. That these precipitations are far more elegant, com- 
plete, efficient, and satisfactory when made in a separate 
vessel, the pure water alone entering the boiler. 

5. That in many cases the precipitation answers very well 
conducted in the boiler. 

Rules for Waters (1 and 2) and their Mixtures. 
Rule 1. 

Water No. 1. — Carbonate of lime alone in the water. 

The following is the method of treating 1,000 gallons — 

For every grain of carbonate of lime, per gallon = 1,000 
grains per 1,000 gallons, use 1,060 grains of carbonate 
of soda, made caustic with 660 grains of burnt lime. 

Bute 2. 

Water No. 2. — Sulphate of lime in the water. 
Treat 1,000 gallons so— 

For every grain of sulphate of lime, per gallon = 1,000 

grains per 1,000 gallons, use 779*4 grains of carbonate 

of soda. 

Rule 3. 
Nos. 1 and 2. — Mixed. 

a. For every grain of carbonate, per gallon, add accord- 

ing to Rule 1. 

b. When the sulphate of lime is not above 8 to 6 of car- 

bonate neglect it entirely. 

c. If there be any sulphate beyond that amount, treat it 

according to Rule 2. 

Questions Requiring Investigation. 

Effect of perfectly pure water in a boiler. 
Effect of water containing only a little carbonic acid. 
Effect of precipitation in a boUer both by soda and by lime. 
Fuller account of substances sold for preventing and destroying 
crusts. 
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I shall now add the analysis of some waters which have been 
sent to me from this district, and some others previously 
examined. 



Water sent by Thomas Clegg & Co., of Tyldesley. 

No. 1 is from a well at Tyldesley. 

No. 2 is from the brook in the morning. 

No. 3 is from the brook at noon. 

Grains per gallon. 

No. 1. No, 2. No. 3. 

Carbonate of lime 8-119 4-04 3-47 

Sulphate of limo 8-570 18-83 19-97 

Carbonate of magnesia 7-700 7-94 5-67 

Oxide of iron 0-220 0-75 0-72 

Silica 0-850 1-74 1-51 

Chloride of sodium, alkaline carbonates, and 

loss 1-341 0-60 — 

Inorganic matter 27-80 33-8 31-24 

Organic matter 3-85 4-6 4-00 

Total 31-68 38-4 35-24 

Hardness 23-00 21-0 21-00 

Hardness after liming 9-50 12-9 12-60 

No. 3 analysis is exact in the lime, which is the essential point 
and was more than once ascertained ; also in sulphates ; but 
the alkalies and the magnesia are a little uncertain. However, 
as it was an accidental condition of things, on account of water 
flowing from other works, it was not worth the trouble of ascer- 
taining it more exactly ; it would not be the same two days 
together. 

Water from Deep Well at Seedley Print Works. 



Sulphate of lime 
Carbonate of lime 
Carbonate of magnesia 

Silica 

Carbonic salt 



2-714 grains per gallon. 

6-115 

2-050 

0-360 

1-650 



Other alkaline salts, and loss . 0-111 



Total inorganic matter. 13-000 

Hardness 10-9 dogrec^s. 

Hardness after boiling . . 5-2 „ 

Hardness before liming . . 5-2 „ 

Alkalinity 5-6 „ 
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Spring Water at Sbbdlby. 



Sulphate of lime 
Carbonate of lime . . 

Magnesia = 
Carbonate of magnesia 



Silica . 
Oxide of iron 
Alkaline salts 



Total inorganic matter 
Organic and volatile matter 



9*45 grains per gedlon. 
1-51 

4-74 but most as chloride, 
and to be treated as 
if carbonate. 
0-61 
0«66 
0-49 

17-46 



6-20 some of tliLs is nitric 
acid from nitrates in 
the water. 
Hardness ie«50 degrees. 



After boiling 


10-50 


»» 




After precipitating by lime 


. 10-46 


ft 




Alkalinity 


2-40 


>» 




Chlorine in a gallon 


0-42 the alkalies not sepa- 






rately determined. 


Brooks near Levenshitlme. 

1 


2 
2-76 


Carbonate of lime . 


. 11-52 




Cttrbonate of magnesia 


. 2-09 




4-04 


Sulphate of magnesia 


. 1-06 




0-51 


Sulphate of soda 


. . 2-65 




2-50 


Sulphate of potash 


. 1-76 




1-56 


Chloride of magnesium 


. 0-69 




1-32 


Silica 


. 0-52 




0-34 


Oxide of iron and alnmin 


a . 0-50 




0-14 


Nitrate of magnesia 


. 0-69 
21-48 




— 




13-17 . 


Error in excess 


•08 






Total obtained 


. . 21-40 







Water from near Bury. 

Surface. Well. 

Sulphate of lime .... 1-265 1-292 

Sulphate of magnesia . . 0-363 3-950 

Carbonate of magnesia . . 0-110 3-000 

Silica 0-750 0-320 

Alkaline salts 0-980 2-420 

Inorganic matter .... 3-468 10-980 

Organic matter 0-780 1-740 

The first nee<ls no treatment — the second very little. 
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Watbbs feom Wigan. 

Specimens of Surface Water, 

1 2 3 

8-67 9-72 6-77 

1«78 0«48 4*65 

0*06 0*02 slight 



Sulphate of lime . 

Carbonate of lime . 

Phosphate of lime 

Carbonate of magnesia . 1-89 1*44 4*67 

■ 0-05 0-42 0-06 

0-54 0-43 0-51 

4-07 1-53 0-64 

0-45 0-63 0-48 

6-00 16-40 5-82 



Oxide of iron 
Chloride of potassium 
Salts of soda . 

Silica 

Organic matter. 



23-41 30-07 22-60 



Inorganic matter . . . 17-41 14-67 16-68 

In analysing waters for practical purposes, I find it much 
more convenient to put the sulphuric acid first to the lime. It 
is in fact necessary, in order to obtain the end in view, although 
it may be objected to on theoretical grounds. 



Part Sboond. 

The water from Rochdale Canal has frequently been com- 
plained of, on account of the property it has of dissolving iron 
and of causing the oxidation of still more of that metal than 
it can dissolve. I first heaxd at Littleborough of this quality 
of the canal water, and obtained a specimen from that village. 
I found it to be slightly alkaline, and not to contain much car- 
bonic acid. Further inquiry, however, showed a very different 
condition of things. The acidity at Littleborough has been 
found to be equal to the saturation of 0070-0'140 grains of 
carbonate of soda per gallon. At 0*140 the amount in sulphuric 
acid would be equal to 0*101 or 101- grains in 1,000 gallons. 

Near Manchester the acidity in the canal rises higher, and has 
been found equal to 3*99 grains of carbonate of soda per gallon, 
although in Ancoats it was generally alkaline or neutral. 3*99 
grains must be considered a very large amount when it is in 
contact with iron. 

The mode of dealing with such water is simple, as it only 
requires to be treated with an alkali. For the specimen taken 
near Manchester the amount of carbonate of soda necessary is 
3*99 grains per gallon, or 1 lb. to 1,754 gallons. Lime will also 
neutralize the acidity, but it is preferred not to add lime. 

The amount of carbonate of soda reqxiired for neutralizing 
water of 0070 acidity, such as is frequent at Littleborough, is 
70 grains per 1,000 gallons. 
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Amount required to neutralize 1,000 gallons of water of the 
acidity of 3-99-- 

Carbonate of soda. . 3,990 grains = 9-IS$ ounces, 
or Caustic lime . . . 2,031 „ = 4-6 „ 
Amount of water neutralized by 1 lb. of Carbonate 

of soda 1,764 gallons. 

Amount of water neutralized by 1 lb. of Caustic 

lime 3,446 „ 

When soda is used this neutralization may take place in the 
boiler without causing much inconvenience, the amount of 
precipitate not being great, especially in the case of the Little- 
borough water. K lime be used, it is much better to have a 
separate vessel or tank for the mixture. In any case there is no 
diflSculty in cui'ing this evil which has been so widely complained 
of. 

Rochdale Canal at Littleborough — 

Sulphate of lime 1*916 

Sulphate of magnesia 0-642 

Chloride of magnesium 0-318 

Chloride of iron 0-467 

Silica 0-380 

Other salts 0-187 

3-900 

Organic matter 1-040 

Hftrdness 0-140 

Acidity — when acid 0-070 

Rochdale Canal, near Newton Heath — 

Sulphate of lime 2-60 

Sulphate of magnesia 1-90 

Chloride of iron 0-28 

Silica 0-76 

Alkaline salts 2-26 

Sulphate of alumina 0-09 

7-03 

Rochdale Canal, at Messrs. M'Conners, Ancoats — 

Sulphate of lime 4-12 

Sulphate of magnesia 2-88 

Sulphate of iron 0-43 

Aliunina and oxide of iron . . . 0-14 

Alkaline salts 1-49 

906 
137 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 

Hardness 6*20 

Alkalinity 0«07 



In order to obtain a complete answer to all the questions 
suggested by the varying acidity of the Rochdale Canal, it would 
be necessary to have very numerous examinations made at 
various times and in many places. Many causes contribute to 
its acidity, but I am inclmed to think that one only renders it 
peculiarly hurtful to boilers. The water at Littleborough was 
from 007-014 of acidity, but some taken from a boiler which 
had been boiling down for a month was 98, whilst another rose 
to 21-3. This was, in fact, a solution of iron. When the acid 
water at Littleborough was boiled down far, it gave off muriatic 
acid, and when boiled still farther, almost to dryness, it gave 
off sulphuric acid. A minute quantity of alumina was got in 
solution. These facts indicate the existence of waters flowing 
into the canal having acid salts in solution, sulphates of iron, and 
of small quantities of alumina. Indeed the existence of such 
water is not a supposition, although I have not inquired at what 
point it enters the canal. Possibly it may flow in at various 
points. At Littleborough a manufacturer was using water from 
a well near the canal strongly impregnated with sulphate of iron. 
He used it to avoid the water of the canal, but he had chosen 
the worse, and the deposit from the boiler was rich in oxide of 
iron. This will point out one source from which the canal obtains 
impure water ; there may be thousands of others. Or, as the 
water is not at all times equally acid, the acidity may rise from 
occasional discharges from coalpits also, or even from manufac- 
tories. In one other respect the water of Littleborough has a 
slightly increased inclination to act on metals, both lead and 
iron, because of the greater amount of chlorides in it than 
waters from the hills generally contain. In this respect even 
the water which is not acid will be injurious when it has been 
much boiled down. The amount of chlorides found in water from 
a boiler was just 70 times greater than in the canal water, so 
much greater that the solution of the sulphate of lime was pre- 
vented. From this water alkalies throw down a bulky white 
precipitate. 

On trying the action of Rochdale Canal water at Littleborough 
and of Manchester pipe water in dissolving iron wire, I found 
that in a month the canal water had oxidized 6*7 per cent., and 
the Manchester water only 407. This, of course, was under cir- 
cumstances favourable to oxidation ; boilers are not often acted 
upon so violently. 

Peaty matter Ls another cause of the acidity of water. The 
moss water is alkaline, in warm autumns especially, becoming 
acid in winter. I should expect this acid to act although slightly 
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on the boilers, but experiments have not yet favoured that view, 
although I have obtained water from Dumfriesshire much 
browner than any water to be found in Lancashire, and also very 
acid from humic or peaty acids. Although this is interesting, 
and will probably engage my attention, it has only a limited 
bearing on the manufactures of the neighbourhood. The 
Littleborough reservoir, when tried in December 1869, was 
found to be decidedly alkaline ; at the same time the canal was 
neutral at Littleborough. The variations are many, and scien- 
tifically it might be interesting to inquire into many questions 
readily suggested to a chemist ; but practically I can only add, 
that the acidity must be removed by alkali, and even when this 
is done it is necessary to empty the boiler or blow out a large 
portion of the water at frequent intervals. These intervals must 
be more frequent, according as the situation is nearer Man- 
chester. 

Mr. M'Connel was kind enough to give me a great deal of 
information and to supply me with many specimens ; I did not 
analyse all of them fully, as I found that they were not acid, 
and that their action on the boiler chiefly arose from their con- 
taining a good deal of chlorine, and being unprotected by 
alkalinity. 

Rule for Acid Waters. 

Add carbonate of soda, or an alkali. A degree of acidity is 
the same as the amount of carbonate of soda required to neutral- 
ize it. Therefore, for every degree of acidity add one grain of 
carbonate of soda per gallon. For 0*10 deg. add 010 of carbonate 
of soda per gallon, made caustic or otherwise. 

I would prefer carbonate of soda, and to precipitate in a 
separate vessel. In this way not only is the acid removed, but 
the gypsum decomposed according to the rules in Part First. 
Before the canal approaches near Manchester, the water contains 
so little lime that this precaution is less required. 
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TABLE IX. 
Solubility of Gases in Water and Alcohol (Bunsen). 





Volume of gas dissolved in 1 Vol. 


Oas. 


Of Water. 


Of AlcohoL 




At 32° F. 


, At 69° F. 
727-2 


At 32° F. 


At 69° F. 


Ammonia 


1049-6 


_ 


_^ 


Hydrochloric Acid 


605-9 


468-0 


— 


— 


Sulphurous Acid . 


68-86 


43-664 


328-62 


144-65 


Sulphuretted 






1 




Hydrogen 


4-37 


3-2326 


17-891 


9-639 


Chlorine 


Solid. 


2-368 


— 


— 


Carbonic Acid . 


1-797 


1-002 


4-3296 i 


3-1993 


Protoxide of 






1 




Nitrogen 


1-305 


0-0778 


4-1780 ! 


3-2678 


defiant Gas . . 


0-2563 


0-1615 


3-6960 


2-8825 


Binox. of Nitrogen 


— 


— 


0-31606 


0-27978 


Marsh Gas 


0-0545 


0-03909 


0-62259 


0-4828 


Carbonic Oxide 


0-03287 


0-02432 


0-20443 . 


0-20443 


Oxygen . 


0-04114 


0-02989 


0-28397 , 


0-28397 


Nitrogen . 


0-02036 


0-01478 


0-12634 


0-12142 


Ah- ... . 


0-02471 


0-01795 


— 1 


— 


Hydrogen . 


0-01930 


0-01930 


0-06925 


0-06725 



All gases are more or less soluble in water and the solubility 
increases as the elasticity of a gas decreases. Hence the 
increase at lower temperature and greater pressure. 

Dr. Henry stated that the volume of a gas dissolved was the 
same at all pressures for any given temperature. Hence the 
rule that the weight of gas dissolved increases with the pressure. 
In the table above the volumes stated are those reduced to 
32'' F. and 2992 inches of mercury. 

In case of a mixed gas the volume dissolved of each con- 
stituent wiU be proportionate to the relative volume of each gas 
multiplied of its coefficient of solubility. Thus, if air be taken 
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as an example of a mixture of 1 of oxygen and 4 of nitrogen, 
the proportion of each gas dissolved will be at 59° F. 

Oxgyen | x 002989 = 0-00697 
Nitrogen * x 0-01478 = OOl 162 

0-01769 of air. 
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INFLUENCE OF SALTS UPON THE BOILING POINT OF 

WATER 

THE presence of salts in water invariably raises the tem- 
perature of ebullition. This depends upon the adhesion 
of the salt to the water. 

Legrand (Annates de Chimie, II. lix. 423) published the follow- 
ing table. 

In Table X. the weights are taken of tlie anhydrous salts. 

Experiments are wanting to determine the action of salts at 
higher pressures and temperatures but it may be assumed that 
the bad effect of soda in hindering the transmission of heat to 
water from heated plates has some connexion with this subject. 

TABLE X. 
Solubility of Salts and Temperature of Evaporation. 



Salt. 


Parts of Salt per 
100 of Water. 


Boiling 
Point 


Parte of 

Salt per 

inn nf 




212° F. 


213 8° F. 


of 
Saturated 


lUU OI 

Water 


Name of Solt. 


to 


to 


Solution. 


when 




2133° 


216-6° 


Ki^'WfA «* VA\^A « • 


Saturated. 


Nitrate of Soda 


9-3 


9-4 


250^ F 


224-8 


,, „ Ammonia . 


10-0 


10-6 


— 


Unlimited 


„ „ Potash. 


12-2 


14-2 


240 


335-1 


Chlorate „ „ 


14-6 


14-6 


220 


61-5 


Chloride „ Sodium 


7-7 


5-7 


227 


41-2 


„ „ Potassium 


9-0 


8-1 


227 


69-4 


Carbonate of Soda 


14-4 


12-3 


220 


48-5 


Acetate „ „ . . 


9-9 


7-7 


256 


209-0 


Chloride of Barium 


19*6 


12-9 


220 


60-1 


Tribasio Phosphate of Soda 










and Water .... 


21-0 


19-8 


224 


112-6 


Sal Ammoniac 


7-8 


6-1 


238 


88-9 


Chloride of Calcium . 


10-0 


6-6 


355 


325-0 


Acetate of Potash 


10-5 


9-5 


336 


798-2 


Carbonate of „ . . 


13-0 


9-5 


275 


205-0 


Nitrate of Limo 


15-0 


10-3 


304 


362-2 


Chloride of Strontium 


16-7 


8-6 


244 


117-5 


Tartrate of Potash . . 


26-9 


20-3 


238 


296-2 



The steam which rises from the above at once assumes the 
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APPENDIX 

temperature proper to the superincumbent pressure, the in- 
fluence of the salt ceasing at the surface of the water. 

The more soluble salts do not necessarily produce the higher 
boiling points. 

(See also Appendix No. 4.) 



M3 



Digitized by LjOOQ IC 



Appendix No. 4 

WATER AND ITS PROPERTIES 

PURE water is a compound of 2 parts of hydrogen and 16 
parts of oxygen. Its specific gravity is unity being the 
basis on which all other specific gravities are stated. 

To heat 1 lb. of water 1** F. from 32° to 33° requires 1 
British thermal unit. 

To heat 1 kilo. = 2204 lb. 1 degree Centigrade from 0° to 
l° = irF. requires 1 calorie of heat = 39683 B.Th.U. 

Thus 1 B.Th.U. =0-262 calorie. 

One imperial gallon of water at 62° F. = 10 lb. and measures 
277-479 cubic inches. The American gallon weighs 8J lb. and 
measures 231 cubic inches. 

The litre of water -weighs 1 kilo. = 2204 lb. and 1,000 kilos., 
therefore, weigh nearly 1 ton. 

A column of water 1 foot high exerts a pressure of 0-434 lb. 
per square inch, and a pressure of 1 lb. conversely represents a 
water pressure of 2*3 feet. Hence one atmosphere of pressure 
equals 33-8 feet of water. 

Water is nearly incompressible, the coefficient at 0° C. = 
32° F. being 0000052, and at nearly 35° C. = 127° F. =0 00041. 
It is thus negligible for the purposes of this book. The heat 
expansion is more considerable but does not amount to 5% under 
atmospheric pressure. The following table XI. gives the weight 
per cubic foot at different temperatures Fahr. 





Weight 


TABLE XI. 
OF Watbb peb Cubic Foot. 




Tomp. 


Weight. 


Temp. 


Weight. Temp. 


Weight. 


212 
250 
300 
102 


59-71 1 
58-81 
57-26 
62-00 


350 
400 
450 
158 


55-52 500 
53-64 550 
50-66 62 
61-00 203 


49-61 
47-52 
62-2786 
60-00 
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Water solidifies at 32** F. «0° C. and ice has a specific gravity 
of 0-922 and a specific heat of 0-604. 

Water at 32° P. solid absorbs 142 B.Th.U. in becoming liquid 
at 32° F. 

The latent heat of water is thus 142 B.Th.U. per lb. = 7886 
calories per kilo. 

The specific heat of water being 1*00 at 32° F. increases slowly 
with temperature and becomes 1*0568 at 446°. 

As the expansion of water is greater than its rise of specific 
heat the total heat of water per cubic foot will not increase as 
quickly as the temperature. 

The evaporation of 1 lb. of water at 212° into steam at 212° F. 
demands 966 B.Th.U. 

Sea water contains 38 parts per 1000 of dissolved matter, of 
which 25 to 28 parts are common salt or NaCl. The other 
salts of sea water are magnesium chloride and sulphate, cal- 
cium sulphate, potassium sulphate and chloride, bromide of 
soda, the carbonates of lime and magnesia and others of less 
importance. 

The annexed table gives a few of the figures relative to the 
solubility of salts in parts per 100 of water. 

(See also Appendix No. 3.) . 

TABLE XII. 
SoLUBiuTY OP Salts. 







Temperature F. 




Salt. 








32^F. 


70** F. 


1 212« F. 

1 


Calcium Chloride 


400 




— 


Magnesium Sulphate 


24-7 


36-0 


130 


Potassium Carbonate . 


100 


80-0 





„ Chlorate 


3-33 


8-0 


60 


„ Chloride 


29-21 


34-0 


60 


„ Nitrate . ^ . 


13-32 


30-0 


240 


„ Sulphate ' . 


— 


12-0 


26 


Sodium Carbonate 


6-97 


21-7 


46-1 


„ Bicarbonate 


6-9 


9-6 




„ Chloride . . 


35-5 


36-0 


39-6 


„ Sulphate 


6-02 


22-0 


42-6 


Barium Chloride 


36-0 





60-0 


Calcium Carbonate . . 


0-0036 







„ Sulphate . 


0-23 


— 


0-21 


Magnesium Chloride . 


200-0 


— 




M Carbonate. . 


0-02 


"" 1 


— 
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Solubility of the Carbonates and Oxides of Lime and 
Magnesia at 60° P. and 212° in Grains per Imperial Gallon. 



Carbonate of Lime CaCOa . 
Bicarbonate Ca0.2C0a . . . 

Calcium Oxide CaO 

Magnesium Carbonate MgCOs . 

„ Bicarbonate Mg02C02 

Magnesium Oxide MgO. . 
Calcium Sulphate CaS04 . 



66° F. 



2-5 
60-0 
93«0 

1«5 
50-0 

0-15 
161-0 



212" F. 



I 1-5 


1-5 
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AIR PUMPS, CONDENSERS, AND 
CIRCULATING PUMPS 



147 



Digitized by VjOOQIC 



Digitized by LjOOQ IC 



CHAPTER XVIII 
HEAT 

IN questions of condensation and feed heating some know- 
ledge of heat and its effects is necessary to enable the 
engineer to make correct calculations. 

We only know heat by its effects and assume it to consist 
in atomic or molecular vibration. 

A body is said to be hot when it can communicate heat 
to other bodies at a less temperature, but temperature is 
merely that quality of heat which is sensible to our nerves. 
Temperature heat is measured by its effects in causing 
bodies such as mercury to expand, and also by the electric 
current that is caused to flow when two different bodies in 
circuit are equally exposed to heat as in the thermopile. 
But temperature is no measure of heat. It is merely that 
quaUty which enables heat to pass from one body to another, 
and in this way a body containing little heat can be made 
to pass some of its small store to a body containing more 
heat at a less temperature. Thus a pound mass of iron at 
100° F. of temperature will supply heat to a pound mass of 
water at any lower temperature. Yet the water contains 
several times as much heat as iron. The actual quantity 
of heat is given usually by stating how many pounds or 
kilogrammes of water can be raised one degree of tempera- 
ture F. or C, by a given amount of heat. The two quantities 
of heat necessary for 1 lb. or 1 kilo, are called the British 
Thermal Unit and the Calorie respectively. 

Specific Heat. 

That property of a body which determines how much 
heat is represented by a rise or fall in that body of 1°F. or 
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1° C. is called the specific heat of the body. Thus the 
thermal unit which raises 1 lb. of water through 1° P. will raise 
6 lb. of some other body through 1° P. The specific 
heat of the other body is therefore -J = 0*2 relative to that 
of water which is rated at unity as standard. 

The Fahrenheit thermometer divides the diflference of 
temperature between the freezing point of water and its 
boiling point into 180° parts. The Centigrade thermometer 
makes 100 divisions only. Thus, pure water under the 
mean atmospheric pressure of 14-7 lb. boils at 212° F.= 
100° C. and it freezes at 32° F. = 0° C. 

Evidently there must be no confusion of thouglit between 
quantity of heat and temperature. If 1 lb. of water, 
containing 100 B.Th.U. above some given temperature, is 
said to contain heat = H, then if it be further heated 
through 10° F. it will contain H + T very nearly, or 110 
B.Th.U. But it is not strictly correct so to express the 
operation, though the result is correct practically simply 
because the specific heat of water is so nearly constant at all 
temperatures concerned in this book that the temperature 
rise practically equals the added number of heat units. 
But such a formula would only serve with water. It would 
be wrong for other cases, especially of mixtures of two 
diflferent substances. 

A mass of 1 lb. of iron heated to 132° F. contains 
12-98 B.Th.U. measured above 32° F. A pound mass of 
water at 82° F. contains approximately 60 B.Th.U. above 
32° F. Yet if the iron is placed in the water, heat will leave 
the iron which already contains so little and will enter the 
water already so well furnished. The final temperature will 
be removed from the initial temperature of the water about 
6° F. only and the iron will lose 46° F. of the initial diflference 
of 60° F. The temperature of the two substances will then 
be about 87° F., showing that the specific heat of the iron 
is about one-ninth that of water. 

Latent Heat. 

Latent heat is heat which ceases to show temperature 
eflfects, being otherwise employed in maintaining a body in 
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a changed state. Thus water is said to have a latent heat 
of 142-6 B.Th.U., because in melting 1 lb. of ice from 
32° P. to water at 32° F. nothing is shown by the thermo- 
meter, yet the heat has gone into the ice and is all absorbed 
in keeping up the molecular activity of liquidity and enables 
the water to remain liquid or mobile. This same water, 
if further heat be added, now shows rises in temperature 
until it reaches 212° F. Then no further rise takes place, 
yet the water all disappears as steam at 212° F., and no 
fewer than 965-7 B.Th.U. disappear with it. Thus we say 
that the latent heat of steam is 965*7 because this amount 
of heat is hidden in preserving the high molecular mobility 
necessary to keep water in the gaseous state. In this volume 
therefore the 

Unit of Heat 

is that amount of heat necessary to raise the temperature of 
1 lb. of water through 1° F., at or near 39-1° F. It is 
nearly the same at higher temperatures and for the purposes 
of this book the unit of heat may be taken equal to the above 
duty at any temperature of water used herein. The calorie 
or metric heat unit, is the heat required to raise 1 kilo, of 
water through 1° C. at or near 4° C, water being at maxi- 
mum density at 39-1° F. = 4° C. 

Since 1 kilo. = 2-204 lb. and 1° F. = ^"^ C, it follows 
that 2-204 x 9 -r 6 = 3-968 = number of B.Th.U. in 1 
calorie. 

Consequently 1 B.Th.U. = 0-262 calorie. 

1 cal. = 3-968 B.Th.U. or approxi- 

mately the ratio is 1 : 4 for most ordinary calculations. 

Unit of Work. 

The relation of heat to work units will not be much 
needed in this book. It will suffice merely to say that the 
mechanical equivalent of heat is as follows — 

1 B.Th.U. = 772 fooUb. 

1 calorie = 423-65 metre-kilos. = 3063-54 foot-lb. 
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If we take the more recent determinations of the equiva- 
lent we have — 

1 B.Th.U. = 778 foot-lb. = 107-78 kilogramme-metres. 
1 cal. = 426-84 kilogramme-metres = 3087-3 foot-lb. 

Table of Latent Heat Values. 



Per Kilo. 



Ice to Water. Both at 32*» 
Water to Steam. Bothat212*» 




35-03 
243-3 



CI. 


B.Th.17. 


79-2 
636-4 


314-3 
212-8 



In steam at 100° F. or thereabouts, which is practically 
the temperature of condensers, there are very approximately 
1,000 B.Th.U. of latent heat. This number is thus useful for 
rapid calculation. One poimd of steam will have to lose 
this amount and a little more. If 1 lb. of cooling water 
disappears, it must gain the amount and a little more. The 
roimd figure will serve very well for our purpose. 

It will now be obvious that while calculations are often 
made on secondary facts, it is always better to start from a 
definite datum line. 

Many engineers ignore the thermal unit altogether, and 
if asked how to find the amount of air to cool the condensing 
water of a certain power plant, they would assume so many 
pounds of evaporation per pound of fuel, so much steam 
per h.-p. hour, so many times the feed water to pass through 
the condensers, and so on, whereas, given the coal contain 
14,000 B.Th.U. per poimd, there will be 30 per cent, lost by 
radiation or up the chimney and, therefore, 9,800 units will 
get to the engines, and since some heat is converted into work 
— perhaps- 6 to 10 per cent. — there maybe as many as 9,000 
B.Th.U. per pound of coal to be carried off in the cooling 
tanks, and this is then the figure on which to calculate the 
air supply. The water is merely the vehicle of the heat 
and is hotter or colder according to its quantity, but the 
heat units remain the same. 
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The Barometer. 



The height of the barometer varies slightly with the lati- 
tude, though hardly sufficient to be of any account in steam 
engineering and, indeed, quite insignificant as compared 
with the ordinary weather variations. 

A mercury column will stand at 14-704 in London, 14-6967 
= 1-0333 kilos, per cm. at Paris and 14*686'^ at New York. 
To reduce to any other latitude the height will be in milli- 
metres — 

TT ^^n (1 + 0-00631 Sin.* 48° 60') , ^oo^a/ 

H = 760 mm. x — ^-— — ^where48°60 

(1 + 0-00631 Sin.* L) 

is the latitude of Paris. 

Variation of altitude is serious. At any elevation = R 

feet above sea-level the barometric height in inches will be — 

H = 60,000 (1-477 - log. R) where 

1-477 = log. of 30 (inches). 

The weight of a cubic foot of air at 62*^ F. = 632-6 grains. 
When moisture saturated the weight is 629 grains. 

The specific gravity of air is 819 times less than that of 
water and 13-146 cubic feet at 62° = 1 lb. 

The Specific heat of air is 0-2376 at constant pressure 
and 0-1686 at constant volume. 

At 32° F. 1 lb. of air measures 12-386 cubic feet and 
1 cubic foot = 0-08073 lb. One litre ot air at 0"* C. and 
760 mm. pressure weighs 1-292743 grams. 
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CHAPTER XIX 
CONDENSING APPARATUS 

THE condenser of a steam engine is a contrivance where- 
by the atmospheric pressure is removed from the 
exhaust side of the working piston in order that the mean 
effective pressure on the working side of the piston may be 
correspondingly increased. The maximum possible increase 
of effective pressure is one atmosphere = 14»71b. per square 
inch at the level of the sea. Thus if a non-condensing 
engine with a given rate of expansion had a mean pressure 
of 48 lb. the addition of a condenser, producing a vacuum 
of say 12 lb., would add 25 per cent, to the mean pressure 
and effect a corresponding economy. 

The mean pressure of factory engines on steady duty is 
about 40 to 45 lb. referred to the final cylinder. About a 
third of this is due to the condenser, or say 14 lb. below 
the back pressure line of a non-condensing engine. The 

economy due to the condenser is thus to — - or 

40-14 45-14 

say 35 to 31 per cent., neglecting other modifying conditions. 

Where engines work with a poor load factor, as in the 
case of smaU and moderate electric tramway systems, the 
mean pressure is never great and the relative importance 
of the steady vacuum is proportionately enhanced and the 
economy to be derived from a condenser may be very great 
— ^perhaps 40 or 45 per cent. 

If it were not that a quantity of air gains entrance to 
the condenser with the exhaust steam and through un- 
discovered leaks, the only thing necessary to secure the 
maximum possible vacuum would be to carry a drain pipe 
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from the condenser to a distance of 34 feet vertically below 
it and allow it to terminate in a tank of water or with a 
tumed-up end. The maximum vacuum, consistently with 
the water temperature would then be secured. But air is 
always present and must be removed. Hence arose the 
air pump for taking oflF the air. 



TABLEX III. 
Properties of Low Pressure Steam. 



Equiva- 
lent 
Head of 
Water. 
Ft. 


Lbs. per square inch. 

Total or i Pressure 
Absolute on 
Pressure. Gauge. 


Tempera- 
ture in 
Degrees 
Fahren- 
licit. 


Total Heat 
in 1 lb. of 

Steam 

raised from 

water at O'F. 

» British 

Thermal 

Units. 


Weight of 

1 cubic foot 

of Steam 

in lbs. 


Volume of 
lib. weight 
of Steam in 
cubic feet 


Specific 
Volume 
or cubic feet 
of Steam 
from one 
cubic foot 
of water. 


M5 


0-5 14-2 


80 


1137-5 


•0013 


726^60 


45307 


2-31 


1 i 


rl3-7 


102 


1145-0 


•0030 


330^36' 


20600 


4-62 


2 


12-7 


126 


1152-2 


•0058 


172^08^ 


10730 


6-93 


3 , 


11-7 


141 


1156-8 


•0085 


117^52 


7327 


9-24 


4 


10-7 


153 


1160-1 


•0112 


89-62 


5589 


11-50 


5 


9-7 


162 


1163-0 


•0138 


72-66 


4530 


13-86 


6 is 


8-7 


170 


1165-3 


•0163 


61-21 


3816 


16-17 


7 '^ 


7-7 


176 


1167-3 


•1089 


52-94 


3301 


18-48 


6-7 


182 


1169-2 


•0214 


46-69 


2911 


20-79 


9 ^ 


5-7 


188 


1170-8 


-0239 


41^79 


2606 


23-10 


10 




4-7 


193 


1172-3 


-0264 


37^84 


2360 


26-41 


11 




3-7 


197 


1173-7 


-0289 


34^62 


2157 


27-72 


12 




2-7 


202 


1175-0 


-0314 


3b88 


1988 


30-03 


13 




1-7 


205 


1176-2 


-0338 


29^27 


1844 


32-34 


14 




L 0-7 


209 


1177-3 


•0362 


27-61 


1721 


34-00 


14-7 





212 


1178-1 


•0380 


26^36 


1644 


34-60 


16 0-3 


213 


1178-4 


•0387 


25^85 


1611 


46-20 

1 


20 i 6 


228 


1182-9 


•0507 


19^72 


1229 



The Law of Mixed Vapours. 

If reference is made to the annexed Table XIII. of the 
properties of saturated steam it will be observed that a pres- 
sure of 1 lb. absolute accompanies a temperature of 102*^ F., 
which therefore corresponds with a vacuum of 13-7 lb. 
or 27*96 inches of mercury. In the absence of air this 
vacuum would be secured where the condenser temperature 
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was as low as 102° F., for water vapour at 102° F. cannot 
alone exert a pressure greater than 1 lb. per square inch. 
By the law of mixed vapours enunciated by Dalton, how- 
ever, the pressure in a space containing a liquid and above 
that liquid is the pressure of the vapour proper to the 
temperature of the liquid Tplua the pressure of any gas, as 
air, occupying the space, such pressure being what would 
be exerted by such air if alone in the space. That is to say, 
the pressure in a space above water exerted by water vapour 
is a function of the temperature and a given weight of vapour 
must always be present in a given volume, irrespective of 
how much air is made to enter the same space. 

Thus, a vessel of one cubic foot capacity wiU contain 
0-03797 lb. of steam at 212° F. and one atmosphere pressure. 
A cubic foot of air at 212°, containing 0-080728 lb., will 
exert a pressure of 1-366 atmospheres. 

If, therefore, into a space of one cubic foot there be placed 
this weight of air at 212° F. and one boundary of the vessel 
be water at 212° F., the pressure in that vessel will be 2-365 
atmospheres, or the joint pressure of the air and water. 
It is very usual to assume that water vapour will condense 
if pressure be increased, but this is not so where the increase 
of pressure is produced by the addition of a gas exerting no 
appreciable chemical attraction on the water. In other 
words it is necessary, says Rankine, to molecular equiU- 
brium that a cubic foot of space at 212° F. should contain 
0-03797 lb. of water vapour, no matter how much other 
gas be present. Similarly, at any other temperature a 
cubic foot of space must contain that weight of water vapour 
proper to the temperature and as shown in the tables of 
saturated steam. 

Thus, if p is the pressure of saturation of the steam for a 
given temperature T, and P is the total pressure for a 
mixture of the vapour and a gas, as air, the density of the 
gas alone in that space is less than its density at the pressure 

P in the ratio -^p^. Thus, in a space at 60° F. and atmo- 
spheric pressure = 14-7 lb., what is the air present in a cubic 
foot of space ? 
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The steam pressure at 50° is 0-173 lb. Therefore the air 
pressure will be 14-7 - 0-173 = 14-527 lb. The weight of 
a cubic foot of air at 50° and 14-7 lb. pressure is — 

0-080728 X ,^^^'^ = 0-077885 lb. 

50° + 461-2 

Whence the weight of air actually present with the steam 
in one cubic foot will be — 

0-077885 X ^_^1 = 0-07698 lb. 
14-7 

The foregoing point has been considerably elaborated 
because the law teaches us that air present in a condenser 
adds to the pressure and diminishes the volume. The 
amount of air present is foimd from the thermometer and 
the vacuum gauge thus. If the pressure of water vapour 
at the condenser temperature of say 102° is 1 lb., and 
the vacuum gauge reads 12-5 lb. while the barometer reads 
14-5 lb., then the total pressure P is 2 lb., and as 1 lb. is 
the pressure of the water vapour, the remainder is that due 
to the air = 1 lb. Consequently there must be air present 
in the condenser that has a density of 1 as against its 
external density of 14-5 lb. ELnowing then the density of 
air in the condenser, we can calculate how much is drawn 
out at each stroke of the air pump. 

In a tight air pump, when the bucket is at the top of its 
stroke, the space above the bucket is filled with water at 
the condenser temperature. There is no air, for this has all 
passed through the delivery valve, the clearance being 
water-filled. When the bucket descends it creates a vacuum 
between itself and the delivery valve as good as can exist 
in presence of water at the temperature of that present. 
This vacuum will be better than that in the condenser, 
which contains air, so that when commmiication is now 
established between air pump and condenser, the superior 
pressure in the latter will cause some of its contents to enter 
the air pump to establish an equilibrium since it is not 
possible for two unequal pressures to exist in connected 
spaces. Assume that the absolute pressure in the air pump 
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is one half that in the condenser, then the volume of vapour 
entering the condenser will be only about one-half the air- 
pump capacity, for the vapour already existent will simply 
be moved up to the top end of the barrel as the further 
vapour enters. The only air present in the pump will be 
what rushes in with this last entering vapour, and in ordinary 
practice the volume of such a pump as the Edwards 
will therefore be halved so far as its capacity to abstract 
air is concerned. Probably in practice the inrush of water 
which takes place in these pumps carries in with it a greater 
proportion of air than the above and somewhat improves 
the pump efficiency, but prima facie an air pump with a 
foot valve should have a better volumetric efficiency than 
a pump without a foot valve, for the foot valve pump draws 
in the average mixture from the condenser. It suflFers, 
however, from such diminution of efficiency as is repre- 
sented by the pressure required to lift the foot valves. This 
need not necessarily be great. 

The law of mixed vapours has been generally neglected 
by all writers on condensation, not excepting the Author. 
It is, however, not now desirable that this point should be 
further neglected in view of the high vacua that are con- 
sidered desirable for steam turbine work. The subject is 
further touched on when dealing with actual air pumps. 

Having thus far dealt with the question of condensation 
on general principles we may now turn to matters of more 
detail. 

The Water Required for Condensing Steam. 

It is of little use, of course, to keep a condenser very cold 
when much air gains an entrance, and at no time is it desir- 
able to reduce its temperature unduly, for the temperature 
of the condenser approximates the temperature of the 
moisture which evaporates in the cylinder during the 
exhaust stroke and is thus a measure of the loss due to 
re-evaporation. Moreover, the condenser outlet temperature 
is the initial temperature of the boiler feed water, and if 
the condensed steam passes to the feed heater or economizer, 
it ought not to enter this latter below 100° F. or thereabouts, 
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and a condenser temperature of 110°F. or 100° F. should be 
low enough. 

To calculate howmuch water is required for condensing a 
given quantity of steam, it is known first that 1 lb. of 
water heated 1° Fahr. requires one unit of heat = 
1 B.Th.U. One lb. of exhaust steam at ordinary con- 
denser temperature contains about 1,150 B.Th.U. above 0°. 
Of the total steam used by an engine, not less than 10 per 
cent, will pass to the condenser as water. Consequently, 
if its temperature at exhaust is let us say 200° F. and the 
condenser has a temperature of 100° F., the water will lose 
100° F., or say about 100 B.Th.U. per pound. 

Then for I lb. of feed water suppUed there will be 
y\,th lb. of water cooled to 100° F. = 10 B.Th.U., and V\?th 



1050 



,-U 



lb. of steam, which wiU lose r/yths of -[ , -^^^^^ - 1 = 945 

^^ 1(1160-100)/ 

B.Th.U. The total heat to be absorbed will be 946 B.Th.U. 

and for convenience the amount may be taken at 1,000 

B.Th.U. per lb. of steam used or feed water supplied. 

Considering the heat lost by radiation, it is likely that not 

more than 900 B.Th.U. really remain to be absorbed in the 

condenser, so that the figure named should be ample for 

use in the formula below. 

Calling R = the ratio of condensing water to feed water. 

T = Condenser discharge temperature. 

t = temperature of circulating or injection water. 

W = weight of circulating or injection water. 

w = weight of feed water. 

Then R = — = ^^^ ~ ^ . Thus where T = 100° and 

.^o T^ 1000 - 100 ,^ ^, , . 

t = 60 :R= - — - = 18, or the condensmg water 
100 - 60 ^ 

required in these circumstances is eighteen times the feed 

water. In practice R varies from 20 to 60 and even more 

where the supply of water is warm, as from an insuflScient 

pond or cooling tower. 

The condenser temperature will be T = — — . 

1 4- R 
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Capacity of Condensers. 

The capacity of a condenser depends to some extent upon 
the speed of the air pump. It must be of such volume that 
the pressure of accumulating air shall not be a serious frac- 
tion of the condenser mean pressure during one cycle of the 
air pump. 

A condenser must also be large enough to accept the 
volume of steam from the cylinder and expose it to sufficient 
surface of cold tubes or of water spray instantly to condense 
it. 

The air which enters a condenser may come in to the 
amount of 6 per cent, of the volume of injection water. 
This air only enters injection condensers. 

Gland leakage accounts for about five times the above 
quantity. The total volume at atmospheric pressure may 
thus be 0*30 of the volume of the water. Arrived in the 
condenser the air expands in accordance with the absolute 
pressure therein. In practice one can only find how much 
air is present when we know the pressure and temperattire 
as explained earlier. 

Condenser capacities have been fixed by practical expe- 
rience at one-fourth to one-half the capacity of the low- 
pressure cylinders they serve. When of siurface type this 
does not include the volume occupied by the tubes. 

Varieties of Condensers. 

There are three main varieties of condenser — viz., Jet, 
Surface and Ejector. 

The Jet Condenser. — This is a plain vessel which admits 
steam usually at the top and water is injected at right angles 
to the steam entrance and is sprayed by the whirling motion 
imparted to it by its passage through the injection valve. 
The base of the condenser (Fig. 32) is connected with the 
air pump, a foot valve being interposed in old practice, but 
now usually omitted. 

A jet condenser may always be employed if a soft clean 
feed is available. In such a case it is good practice to pass 
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the feed water through a small surface condenser placed in 
the path of the exhaust steam to the jet condenser. 

The Surface Condenser, — This is intended to conserve the 
condensed steam in order to avoid scale in the boilers. In 
its usual form it consists of a cylindrical vessel closely packed 
with tubes through which the condensing water is circulated. 
With ample surface well distributed so that the whole tube 
surface is swept by the steam and short circuits of steam 
avoided the amount of circulating water should not be 
greater than that called for by jet condensers. More is often 
required, but the mean temperature of the circulation water 
will be low, indicating ineificient tube surface. About 10 lb. 
of steam per hour can be condensed per square foot of tube 
surface. The indented tube of Row is claimed to have 
double this efficiency owing to the turbulence of flow through 
it and it has been shown by Stanton^ that better results 
are obtained by small tubes of great length placed vertically 
with down-flowing water, owing to the turbulent flow which 
Professor Reynolds shows to exist when the velocity of flow 

p 

passes a certain critical rate V, where V = — , where 

^ 847 D 

D = the diameter of tube in feet and P is a value based on 
the temperature Centigrade = «° C. P = (1 + 0-0336 f + 
0-000221 1^)-^ 

Turbulent flow adds greatly to heat absorption efficiency. 

Ordinary condenser tubes are from f to f inch diameter 
and -^^^ inch in thickness, but it is suggested that diameters 
of J inch and | inch would be better. 

In order to promote efficiency the water usually makes 
two passes through the tubes. The steam meets first the 
pipes of the second pass and finally the first pass tubes. 
Suitable baffle plates are appUed in order to spread the 
steam throughout the body of the condenser. 

It is quite usual to pass feed water through a small section 
of the surface condenser, certain tubes being set apart for 
this purpose so as to encounter the exhaust steam fresh 
from the cylinder. 

' MintUes of Proc. I,C,E., vol. cxxxvi. part 2. 
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It is sometimes the case that steam to be condensed passes 
through the tubes, the water surrounding them. Where 
the water supply is very large this is perhaps the better way. 
It is the practice with water supply companies, who thus 
make use of the whole water supply as circulating water, 
passing it all through the condensers. 

Mr. R. W. Allen finds the friction of water through smooth 
condenser tubes by the following formula^ — 

h = f - , where h = head, in feet, lost. 
d2g 

I = tube length in inches. 

V = velocity of flow in feet per second. 

d = internal tube diameter in inches and / is a coefficient 
which appears to have a mean value of 0-024 for rates of 
discharge of from 3 to 11 gallons per minute. 

Condenser tubes being of brass are always smooth in- 
ternally and when used with salt or corrosive water they 
are tinned for protection against corrosion. 

Messrs. Allen & Co. make condensers in which the upper 
bank of tubes in a horizontal condenser are more widely 
spaced apart than the lower bank tubes in order better to 
admit steam which strikes first the upper bank of tubes. 
Another method of arriving at the same end is by omitting 
some of the tubes as will be seen illustrated later. They 
also construct a condenser in which the lower tubes are 
immersed in the condensed steam, which is thus cooled to a 
minimum temperature and a better air-pump efficiency is 
obtained, as described under the head of vertical condensers. 

The Ejector Condenser, — In this apparatus the energy in 
the exhaust steam is made to produce the necessary vacuum 
by reason of the velocity of flow impressed on a stream of 
water. 

The outflow of steam is governed by the laws of fluid 
motion. The outflow velocity of a fluid is V = '^2gh 
where g = gravity = 32*2 h = head in feet and V = feet 
velocity per second. For steam the head A at 3 lb. pressure 
absolute is more than 7,000 times that of water. 

» Minutes of Proc, I.C.E.y Session I904r-6. 
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Thus, if the pressure diflference in an ejector is 2 lb. or say 
4«6 feet of water head, the steam head is 4*6 x 7,330 = 33,718 
feet and V = 1,472 feet. 

A simple formula for V is V = 60 -^T where T is the 
absolute temperature. A minimum of 888 feet per second 
is also given for the velocity of steam into a pressure less 
than three-fifths its initial pressure. In any case the velo- 
city is high and the mean velocity of a combined jet of 
steam and water will depend on the ratio of weights of water 
and steam. Thus, assume 29 of water and one of steam 
or a total combined jet of 30, then the velocity will be 
one-thirtieth of say 900 = 30 feet per second, or one-thirtieth 
of say 1,200 = 40 feet per second, velocities corresponding 
with a pressure of 6 and 10| lb. respectively. With less 
water and an initial water velocity the combined velocity 
will often be such as to produce a vacuum of 26 inches of 
mercury, or about 13 lb. This represents a head of about 
30 feet of water and a velocity of nearly 44 feet per second. 

It is therefore advantageous that the water should ap- 
proach a condenser at the maximum velocity and that it 
should be as cold as possible in order that as Uttle as possible 
should be employed, and that the steam energy should be 
utilized in adding to the velocity of approach and not in 
moving the water from a state of rest. Ejector condensers 
work best when the water flows from a reservoir above. In 
practice the water is often supplied to them by a centrifugal 
pump. 

The atmospheric condenser is merely a special case of the 
surface condenser, but the cooled surface is exposed to the 
air and the cooling effect is sometimes augmented by the 
flow of a thin film of water over the surface of the pipes. 
In this case the condenser is known as the evaporative con- 
denser because the steam within the pipes is cooled by the 
abstraction of heat necessary to permit of the absorption of 
the external film of water by the passing air. An evapora- 
tion of 1 lb. of water outside the pipes .will absorb the 
latent heat of an equal weight of steam inside them. An 
exposed position, as on a roof, is best for these atmospheric 
condensers. 
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Calculations. 
All calculations for condensing plant should be based 
simply on the thermal units to be dealt with. Statements 
of horse-power are useless. The weight of steam to be con- 
densed must be known and this will vary from as little as 
13 lb. per kilowatt hour to as much as 60 lb. according to 
the load factor of the running plant. As stated already, 
1,000 B.Th.U. may be assumed per pound of steam con- 
densed and 1 B.Th.U. per pound of water raised 1° F. 

General Design. 

This may vary much. . Large modem power stations are 
tending very much in the direction of separate units, each 
main engine having its own condenser plant as well as its 
own particular set of boilers. Thus the Chelsea Power 
House of the Metropohtan District Railway of London is 
little else than eight distinct one-engine stations housed 
under a single roof, each of the 5,500 kw. turbines 
drawing its steam from eight boilers and passing it on to 
one condenser. There are thus eight turbines, sixty-four 
boilers and eight condensers : and eight air pumps. 
Much of course will depend on the size of a station. The 
condensing plant may consist of fewer units than the 
engines, more than one engine exhausting to each condenser. 
Or each engine may drive its own air pump and use 
a common condenser, so that the maximum of condenser 
area is always in use and each engine draws oflE its own 
proportion of air. 

Again, the air pumps may be entirely separate from the 
main engines and may be driven by their own direct-acting 
steam cylinder, by a high-class rotative engine, or in an 
electric station by an electric motor. There is, indeed, no 
hmit to the permutations and combinations that may be 
effected and good reasons can be found for or against any 
arrangement. 

Thus, an independent air pump may be wastefuUy over- 
driven to conceal air leakages. Needless hardly to say, air 
leakage should be so minimized that when everything is 
shut down the condenser vacuum should not fall 3 lb. in 
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an hour. Good joint rings and well painted vacuum sur- 
faces and fibrous packing to vacuum glands can be made 
to permit of this. 

A common air pump, other conditions being good, can, on 
the other hand, be varied in speed to suit the number of 
engines at work. The independent air pump also allows of the 
vacuum being pumped up before the main engine is started. 

Where steam-driven independent air pumps are employed 
they may usefully exhaust to the intermediate receiver of a 
main engine. 

In tramp steamers, which have the most economical steam 
plant, everything is driven oflf the main engine and it is 
obviously more economical to drive from the main engine 
than it is to employ numerous auxiliaries. 

It is often urged that auxiliaries can use their exhaust 
to heat the feed, but this is a partial truth only, for the 
economizer or flue feed heater will usually supply feed water 
hotter than it can be given by exhaust steam heating. Where 
there is no economizer the feed pump steam may thus be used. 

The position of condensing plant is generally below the 
main engines for convenience in drainage and water supply. 
The injection or jet condenser will draw its own water from 
a depth of 17 feet as a rule without risk of failure. It is 
also undesirable to raise the circulating water too high above 
supply level and the circulating system should be a closed 
circuit, so that the only duty of the circulating pump should 
be to keep the water moving, since the descending stream 
will balance the ascending stream. Air will sometimes lodge 
at the high points in a circulating system and these high 
points may be all piped by small air pipes to an ascending 
main carried up fully 36 feet to a small closed tank from 
which the air is drawn oflf to the air pumps. This will safe- 
guard the centrifugal pump from failure, for it must be one 
of the trapped points. 

In large stations the circulating water is led through the 
station in a large pipe, from which each condenser pump 
draws its supply and every condenser circuit discharges into 
another parallel pipe. It is usual to provide that either 
pipe can be used alternatively as the supply or the discharge 
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main in order to overcome any trouble with silting up, especi- 
ally when drawing from a muddy or tidal river, the silt being 
driven out by the reversed flow at times of low tide. 

A silted pipe may be cleared by passing through it in the 
direction of flow a large wooden ball slightly smaller than 
the pipe bore. The ball floats in the full pipe and the rush 
of water past the narrow crescent beneath it sluices forward 
all mud. Certain silt will settle so firmly as not to be moved 
by the ordinary flow, and as such supply pipes must be 
wholly below lowest water level, silting is apt to be very 
troublesome. 

When an air pump is directly driven by the main engine 
and this is of large vertical type, there is no better style of 
pump than the vertical driven by a lever of the first order 
pivoted on the back standards of the engine and driven off 
the cross-head. To shorten the height necessary the air 
pump may have a trunk bucket, the connecting link to the 
driving lever being pinned to the bottom of the trunk. But 
ordinary rods and glands are usually available. The air 
pump is practically of the type of Fig. 50, but with a closed 
top for delivery of the water except at sea, or with surface 
condensing, the water may flow down to a well to supply the 
feed pumps, or to be removed by other means. In the old 
factory beam engine the air pump is almost invariably 
driven off the inner pin of the parallel motion at half the 
stroke of the steam piston or thereabouts. Some large 
horizontal engines drive the air pump by an L lever from the 
tail rod of the engine, while others again have driven an 
inclined air pump off the crank pin by a long diagonal rod. 
Air pumps have also been driven by large eccentrics, but this 
cannot be regarded as a very satisfactory method and the 
eccentrics are apt to run hot. 

Exhaust Pipes. 

An exhaust pipe between an engine and a condenser must 
obviously be much larger than the steam supply pipe because 
of the increased bulk of the steam. 

A customary rule in English practice is to make the 
exhaust pipe twice the area of the steam pipe. American 
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practice favours a ratio of 3 to 2 only in area, or the steam 
pipe has an area 7 per cent, of the cylinder and the exhaust 
pipe of 10 per cent. 

Whereas steam velocity is limited to 100 feet per second, 
that of the exhaust may be upwards of '200 feet per second 
according to Rankine. But looked at in another way the 
density of high-pressure steam is that equal to a volume of 
2-5 cubic feet per pound. At atmospheric pressure the 
density is that of 26-33 feet per pound or 1 : 10, and at con- 
denser pressure it is more nearly 1 : 100, as compared with 
initial steam. We know, however, that the velocity of flow 
of exhaust steam is very great indeed, for at once when the 
exhaust valve opens the pressure very quickly falls to that 
proper to the condenser temperature. A rule for velocity 
in feet per second is V = 60-2 T where T is the absolute 
temperature and V = the velocity of flow into a vacuum. 
Steam of any pressure flowing into any other pressure less 
than three-fifths the initial has a velocity of 888 feet per 
second. Hence the weight discharged is proportionate to 
the density, and the weight discharged per minute may be 
found by multiplying the area of pipe in square inches by 
370 times the weight of a cubic foot. 

Thus, an engine of 6,000 horse-power uses 12 lb. of steam 
per horse-power hour, or 1,200 lb. per minute. 

Exhausted at 3 lb. absolute into a condenser at less than 
|ths of 31b., or say 1*6 lb., the velocity being 888, the area in 
square inches will be found from the foregoing formula, or 
W = 370 X A X D. Now D for 3 lb. is 0-00863 lb., whence 

A= W 



370 X D 
Now W = 1,200, so that 

A = ' = 380 = 22 inches diameter. 

3-15 

In brief, the area of an exhaust pipe in square inches may 
be a fourth to a third of the pounds of steam used per minute. 
A deficiency of area will increase the back pressure in the 
cyUnder and a cold condenser will help to keep down the 
pressure in this to less than three-fifths the cylinder back 
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pressure, and so help to maintain the flow velocity of 888 
feet per second. The law of mixed vapours here points out 
unmistakably the importance of keeping air out of the 
condenser. 

Cooling Surface. 

This at 10 lb. of steam per square foot per hour would 
amount in the above example to 7,200 square feet. With 
i tubes the approximate external area is 1 square foot per 
4 feet length of tube. The tube length must therefore be 
28,800 linear feet. 

If the tubes are 7 feet long there will be 4,111 tubes in all. 
The area of a } tube is 0*6 square inch and the equivalent 
area reduced for eflFect of vena contracta is 0*36. Then 4,1 1 1 
X 0-36 = 1480, or fully 10 square feet. This is so great an 
area for water passage that it is obviously possible if we 
desire it to add to the length of the tubes and reduce their 
diameter and number. 

The actual tube area is 2466*6 square inches, or 17 square 
feet. 

At 30 times the feed water the amount of circulating water 
is nearly 10 cubic feet per second, so that the velocity of 
flow is under 8 inches per second. 

Taking Professor Reynolds' rule for turbulent flow and 
assuming the water to have a temperature of 30° C, we have 

V = -^—- and P = (1 + 0-0336 T + 0-000221 T) ^^ . 
84-7 D ^ ' 

Then P = (1 + 1-008 + 0-199) -* = 0-45. 

Now D = J inch = 0-073 feet. Whence V= -^^ = -073 
' 6-183 

feet per second :^ J inch per second. Turbulent flow is 

thus assured. 

The rule is applicable to vertical tubes with down-flowing 
water and does not seem to have much connexion with 
practice, for the velocity of flow can hardly ever be less than 
that which gives turbulent flow if the rule is correct. 

If the water flows downwards in the tubes the steam 
should flow upwards. It is usual to make the water flow 
through the tubes in two sections. This at once halves 
the area as found above to the equivalent of 5 square feet 
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Fio. 31. PBiMrnvB Idsal Babo- 

MSTBIO COKDENSEB. 



eflFective or 8*5 actual and increases the velocity to 16 inches 

per second. 

Even three sections of tubes are sometimes arranged so 

that the steam can enter at the 

top of the condenser and the 

condensed water can be led 

away from the base. More 

usually condensers are hori- 
zontal, the water making two 

passes through the tubes and 

the steam meeting first the 

hotter water, or, as before said, 

even a feed water heater nest 

of tubes through which the feed 

passes on its way to the econo- 
mizer. 
Many horizontal condensers 

have tubes of about 1^ inch 

diameter, fitted sometimes with 

internal pipes, the water tube 

being closed at one end and the inner tube serving to 

carry water into it, the water returning by the annular space 

between the inner and outer tubes. Such tubes being free 
at one end do not suffer expansion stresses 
and may be expanded at the other end into 
tube plates. When both ends are fixed in 
tube plates the stresses soon cause leakage, 
and though one end may be expanded fast 
the other end must have a gland and pack- 
ing of cotton so as to allow slight move- 
ment of the tube. 

Wooden ferrules are sometimes used as 
packing. One-half the tubes may be &xed 
into one tube plate and the remainder into 
the other. This leaves more room for the 
packing glands or permits closer nesting of 
the tubes. 
When steam enters a condenser and meets the surface of 

closely packed tubes the space between the tubes is not 
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suflScient to allow free passage of the steam to all the tube 
surface. It is now the practice to omit certain tubes, so 
that gaps are left in the external wall 
of tubes by which the exposed wall- 
ing of tubes is much increased and 
steam is taken well into the middle 
of the nests of tubes, as in Fig. 38. 

The various condenser systems de- 
scribed are shown in the accompany- 
ing figures. Fig. 31 is the first idea 
of a barometric condenser B, placed 
so that the height H is over 30 feet. 
Steam enters from the cylinder C 
through a valve E and water enters 
from R. 

z This arrangement will act until it 

^ becomes full of air. A small dry air 

I pump is required to make it a con- 

tinuous success. 

The plain jet condenser is that in 
Fig. 32 and is simply a cast-iron jar. 
Steam enters at S, water at W and the air pump draws 
away steam and water from the base. 

A barometric con- 
denser may be ar- 
ranged on the surface 
principle, as in Fig. 
33, the dry air pump 
serving to withdraw 
any air not carried 
off by the down-rush 
of water. 

The general idea 
of the horizontal sur- 
face condenser is that 
of Fig. 34, where the 
condensed steam is 
drawn off by a feed pump and the air by a separate air 
pump, which may also, if large, be used to draw the 
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circulating water through the tubes. This implies special 
design. 

Incrustation. 

C!ondenser tubes are apt to become coated with scale on 
the water side in process of time. They can usually be 
cleaned by circulating through them a current of water 
acidulated by hydrochloric acid in order to dissolve the crust 
which is carbonate of lime. The acid should be a 20 per 
cent, solution only, or even less. 

Economy of Condensing. 

The following Table XIV. is given by the late Charles E. 
Emery, Ph.D., to show the economy that may be secured 
by condensing, according to the class of steam engine 
employed. It is for average conditions and steady loads. For 
underloaded engines, as in a traction plant, the economy 
will often be very much greater than given in the table, on 
account of the very low mean pressures that are usual in 
most traction engines. 



TABLE XIV. 



Type of Engine. 



Feed-water per Indicated Horse-power 
per hour. 



I Non-Condensing. 



Condensing. 



Name. 



Probable 
Limits. 



lb. 
35 to 26 
32 to 24 



30 to 22 



Simple High-speed 

Simple Low-speed 

Compound High- 
speed ... 

Compound Low- I 
speed ... I — 

Triple High-speed , 27 to 21 

Triple Low-speed . | — 



Assumed , Assumed 

for I Probable | for 

Compari- Limits , Compari- 
son. I I son. 



lb. 
33 
29 

26 

24 
24 



I/I 



lb. 

25 to 19 
24 to 18 


lb. 
22 

20 


24 to 16 


20 


20 to 12J 
23 to 14 
18 to 12i 


18. 

17 

16 



Per 

Cent. 

Gained 

by 

Condens- 
ing. 



33 
•31 

23 

25 
29 
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Solubility of Gases in Water. 

The volume of gas that will dissolve in one volume of 
water is called the coeificient of absorption, the volume of 
gas being measured at 32° F. and 30 inches barometer (0° C. 
and 760 mm.). Bunsen's table of solubility coefficients is 
given below for a few gases likely to occur in feed water. 

TABLE XV. 



Temperature: { 


0«C. 
32° F. 

0-01930 


5°C. 
41° F. 


10° C. 
50° F. 

0-01930 


15° C. 
69° F. 


20° C. 
68° F. 


Hydrogen . 


0-01930 


0-01930 


0-01930 


Oxygen . . . 


0-04114 


0-03628 


0-03250 


0-02989 


0-02838 


Nitrogen . 


0-02035 


0-01794 


0-01607 


0-01478 


0-01403 


Air 


0-02475 


0-02179 


0-01953 


0-01795 


0-01704 


Carbonic acid . 


1-7967 


1-4497 


1-1847 


1-0020 


0-9014 


Carbonic oxide 


0-03287 


0-02920 


0-02635 


0-02432 


0-02312 


Carbnretted hydro- 
gen. CH4 . . 


0-05449 


0-04885 


0-04372 


0-03900 


0-03499 


Carburetted hydro- 
gen, C2H4 . . 


0-2563 


0-2153 


0-1837 


0-1615 


0-1488 


Sulphuretted hydro- 
gen ... . 


4-3706 


3-9662 


3-5858 


3-2326 


2-9053 


Ammonia . 


1049-6 


917-9 


812-8 


727-2 


654-0 



At the boiling-point practically all gas is occluded. The 
solubility increases in proportion with the pressure, showing 
that gases are soluble by volume and not by weight. The 
above table contains all the information likely to be needed 
in practice, and shows that ordinarily it is carbonic acid gas 
which is to be dealt with, but that in sewage or other badly 
polluted water there may be large volumes of sulphuretted 
hydrogen in the injection water, such as is so much used in 
the town of Oldham for e;sample. 
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CHAPTER XX 
EXAMPLES OF CONDENSERS 

OF actual condensers the barometric type finds its prac- 
tical extension in Fig. 36, which shows the head of the 
Worthington Central Condenser. Here the exhaust steam 
enters at one side 
and the water 
enters on the op- 
posite side and 
flows past the 
tubular air cooler 
and is sprayed 
by a special noz- 
zle into the path 
of the steam. 
The air pipe is 
brought into the 
centre as shown 
and if the down- 
pipe is not too 
large the falling 
water will carry 
with it much of 
the air and the 
apparatus may 
work without an 
air pump. An 
air pump is usu- 
ally added to 
improve the 
vacuum. Hence 
the air cooler. Such a condenser is particularly fitted to 




Fio. 35. 



OrFNINQ TO TAIU PiPt 

WOBTHINOTON Ck^NDEZTSEB HeAD. 
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deal with a good supply of water falling from above. The 
ejector condenser may also be assisted by a barometric 
discharge or gravity pipe. 



The Wheeler Condenser. 

The single-ended condenser, used in America but little 
employed in Great Britain, with inner pipes and double 
water chambers is shown in Fig. 36, where a combined air 
and circulating pump is shown attached below the con- 




Fio. 36. Wheeler Condenser. 

denser. These condensers may be either circular or rect- 
angular in cross section. Note the baflBie plate under the 
steam inlet to spread the steam. The air and circulating 
pumps are driven by a central steam cyUnder, the exhaust 
from which should pass into the intermediate receiver of the 
main engine or through a feed heater, if either course is open. 
There is an objection to this double-tube design in the cool- 
ing of the outgoing water by the ingoing stream and vice 
versd, and the single tube is to be recommended in pre- 
ference. 
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Morton's Ejector Condenser, 

83 made by Ledward & Ck). is shown in Fig. 37. It consists 
of a series of combining cones by which steam enters a flow- 
ing stream of water from a nozzle above. The principle of 
action has already been explained. The IJ inch size will 
condense ordinarily 200 lb. of steam per hour and the 
18 inch size as much as 36,000 lb., the ratio of water to 




,l\.,. /ji exhaustJsti 





Fig. 37. Ejector Condenser (Ledward). 

steam being assumed 27 : 1, the power to pump which is 
considered to amount only to about 3 per cent, of the 
economy due to the condenser. 

Surface Condenser with Through Tubes. 

This t3rpe is illustrated in Fig. 38 in cross section for the 
purpose of showing the rows of tubes omitted to facilitate 

175 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 

entry of steam. Here the steam first strikes a distributing 
perforated baffie plate, and is subsequently further regulated 
by other baffle plates. The illustration is from a design by 
Isaac Storey & Sons, Ltd. 




Fig. 38. Cboss Section of Surface Condenseb (Isaac Storey & Sons). 

The Vertical Condenser. 

In Fig. 39 is shown the arrangement of the vertical con- 
densers of the Yorkshire Power Station at Thornhill, and of 
the Lancashire Power Station at Radcliflfe. Each of three 
condensers is intended to deal with 37,000 lb. of steam per 
hour and a vacuum of 28 inches is sought with a 30-inch 
barometer. 

There are 4,500 square feet of cooHng surface disposed 
in soUd drawn brass tubes, 1 inch external diameter, of 18 
S.W.G., and 12 feet 6 inches between tube plates, which are 
of 1 J inch rolled brass. It may be noted here that a brass 
tube plate possesses the advantage of having a similar co- 
eflScient of expansion to the brass tubes. 
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The water and steam run in counter current through the 
condenser and each makes three passes through the full 
length of the condenser. 

The air pumps in this case are three-throw Edwards 
piunps 16 inches diameter, 8 inches stroke and run at 165 
to 170 r.p.m., with brass liners and buckets and rods driven 
by 16 horse-power direct-coupled motors. There is a flanged 
coupling between the motor and the pump shaft with three- 
sixteenths clearance between the faces. 

The driving pins are fixed in one half and fit into clearance 
holes in the other half. 

Provision is made to circulate forty-five times the feed 
water supply at a temperature not exceeding 60° F., with a 
view to a high vacuum for the turbines. 

This high vaccum is sought in another way by the device 
shown in Fig. 40, which is a cross section of a condenser by 
G. & J. Weir. In this condenser the outlet for the w&ter is a 
bonneted stand pipe A, so arranged with an outer sleeve B 
and cover C that the air pump always draws the lowest 
water from the condenser and the accumulation of water 
extends to E E above several rows of tubes, which serve to 
chill the water on its way to the aur pump. Thus any vapour 
in the air pump can only exist at the pressure proper to the 
temperature of the cooled water, and since there cannot be 
two different pressures in the same space vapour and air 
rush to the pump to restore equilibrium. The vapour con- 
denses and the rush continues until equilibrium is estab- 
lished by the air. There is thus more air in a unit space in 
the air pump than in the condenser and the pump efficiency 
is therefore improved and the condenser is better depleted 
of air. 

In the vertical condenser plant above described there are 
small air pipes carried from the top of the condenser and of 
the centrifugal circulating pumps and every high point 
where air might lodge. These are carried to a closed tank 
about 40 feet high, which is exhausted by a special pump. 
The object is to ensure that no air shall lodge in any of the 
above points to destroy the action of the centrifugal pumps 
or otherwise hamper circulation. 
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In Fig. 41 is shown the vertical single-flow condenser 
built by James Simpson ft Co., Ltd., for the Underground 
Electric Railways of London and installed at Lots Road, 
Chelsea. 

Eight of these condensers have been built and fixed, 
each having a cooling surface of 15,000 square feet, and 




Fio. 40. Cross Section of Horizontal Condenser showino Water 

Outlet. 

capable of dealing with a normal load of 85,000 lb. of steam 
per hour. 

The air pumps are of the dry vacuimi type, and have a 
displacement of about 900 cubic feet per minute. 

The condensed water pumps are of the centrifugal type 
and each is capable of dealing with the above quantity of 
steam. 

Each of the eight condensing sets is independent in every 
way of the others, and is proportioned to deal with an over- 
load of about 60 per cent. 

At Fig. 41a is shown a Vertical Double-flow Surface 
Condenser, also by James Simpson ft Co., Ltd. This con- 
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denser has a cooling surface of 5,400 square feet, and is 
capable of dealing with about 50,000 lb. of steam per 
hour. 

From the arrangement of the inlet and outlet branches 
for steam, circulating water, and air-pump discharge, it will 




Mrm WftTin Kr- 



Am Kmp Suction 

FlO. 41. VeBTIOAL SiNOLE-FlOW SuBFACE Ck)NDENSElt. 

be noticed that the steam passes through the length of the 
condenser twice, viz., down one side and up the other. 

Air pumps of the dry vacuum type are used in connexion 
with this type of condenser, so that the vapours and the 
condensed water are taken out separately. 

In Fig. 416 is shown the same firm's Vertical Single-flow 
Surface Condenser suitable for muddy circulating water. 
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This condenser was specially designed with the object of 
using very dirty circulating water carrying considerable 
quantities of mud and leaves : special means have been 
provided for arresting this matter by providing a large 
chamber at the bottom of the condenser, to act as a settling 
chamber ; and gratings or screens to arrest any floating 




CoNOKN^tO W*Tf w Suction 
MuODOOn. ' 

Fig. 41a. Vertical Double-Flow Surface CJondbnseb. 

substance, while the pipe connexions are arranged in such 
a way that both halves of the condenser can be worked at 
the same time, or separately, so that by closing down one 
half of the circulating system it can be readily cleaned, 
whilst the other half is carrying the load with a slightly 
reduced eflSciency. 
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This condenser is capable of dealing with 85,000 lb. of 
steam per hour, with the circulating water at a temperature 
of from 60 to 70 degrees. 

The cooling surface provided is about 8,500 square feet. 




»Ya»m.9VT YAtrYtf. 



Fig. 416.— Vbbtioal Single-Flow Surface Condbnseb, suitablb fob 
muddy circulating watbr. 
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FiQ. 42. Evaporative Consbmser (Ledward). Side View. 
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Fio. 42a. Evaporativb Condenseb. End View. 
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The Evaporative Condenser. 

This condenser is shown in Figs. 42, 42a, and consists of an 
arrangement of gilled cast-iron {upes exposed to air and to 
films of water. About two-thirds the weight of steam con- 
densed by them is evaporated on their outer surfaces. 

It appears from some tests made by Mr. Longridge that 
about li to 2 lb. of steam may be condensed per square 
foot of surface per hour with an attained vacuum of 24 inches. 

It is important that the pipes of these condensers should 
be free from blown or spongy parts, for it does not appear 
desirable to paint them, and if not sound they would admit 
air too freely. 

It seems to the Author that the steam should preferably 
flow upwards — counter-current fashion — instead of as shown, 
and that small water drains should be carried down from 
some of the end bends direct to the air pump. Still under 
ordinary conditions, with the steam entering at the upper 
end, a vacuum of 24 inches is guaranteed and even more is 
often secured. 

Such a condenser as shown in Fig. 42, consisting of eighty 
corrugated pipes, is capable of dealing with 2,400 lb. of 
steam per hour. The total cooling surface of the condenser 
is 2,400 square feet, and for its eflScient working it is necessary 
to provide 200 gallons = 2,000 lb. of water per hour to 
replace the cooling water lost by evaporation, or four-fifths 
only of the weight of steam used by the engine. 

Counter Current Jet Condenser. 

The Balcke condenser, in which the principle of counter 
current is adapted to a jet condenser is shown in Fig. 43. 
Here the water is removed at a definite rate by the lower 
pump and air is removed by the upper pump from the top 
of the condenser. By means of a float the volume of the 
injection is regulated by the water level which is kept uni- 
form. The water enters by way of a circular lip to the upper 
water channel and is well spread by perforated diaphragms. 
Steam enters below the water spreader and air is drawn up 
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through the cold water, so that as fully as possible the air is 
freed from water vapour and the capacity of the dry air 
pump is utilized to its fullest practicable extent. 




Fio. 43. Balcke*9 Jet Ck)NDEN8EB. 

Feed water is drawn from the base of the condenser and 
the remainder drawn out by the wet ** air " pump is, when 
necessary, forced by that over the cooling towers. 

Counter Current Surface Condenser. 

The principle of counter current condensation and an 
assured turbulence of flow is secured in the condenser shown 
in Fig. 44, which is that of the Concentric Condenser Co. 

In this Concentric Condenser of Bracket a series of alter- 
nately plain and corrugated tubes are nested one inside the 
other and held between gun-metal heads, in which are a 
number of concentric grooves turned to fit the tube ends. 
These heads are so cast that every other space communicates 
with the steam chamber and the other alternate spaces with 
the water chamber in the heads. A special cement, which 
softens only the first time it is heated, renders the tube ends 
tight against leakage. Steam passes one way and water 
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moves through the alternate tubes in opposite directions. 
ThuSj each annular passage has one plain and one corrugated 
boundary and the escaping condensed steam.is reduced to a 
temperature as low as possible, while the water of circulation 
escapes as hot as possible. 

Surface or Tubular Condenser. 

At Fig. 61 in the chapter on air pumps will be found 
illustrated the condenser of Pollitt and Wigzell, which is an 
ordinary tubular condenser through which the circulating 
water passes twice, the second pass being where it should be 
nearest the hotter or steam inlet position. 

The special point is the entry of the steam parallel with 
but above the tubes and by a sloping inlet cover piece 
which extends the full length of the tubes and serves to dis- 
tribute the steam from end to end of these without short 
circuit danger to the final outlet. By this means every unit 
of tube surface is made useful and eflScient. These con- 
densers have been much used in the Yorkshire woollen 
factories, being placed behind the L.P. cylinder of tandem 
engines. The air pump is placed in the base of the con- 
denser, and a nearly full length opening is left below the 
tube surface in order to prevent short circuit. The degree of 
vacuum secured is very good, and may be explained by the 
careful weU considered points of the design. 

The Atmospheric Valve. 

An important detail of a modem plant is the atmospheric 
automatic exhaust valve. This is a mushroom valve fitted 
with a balance lever and opening upwards. In case of 
failure of a condenser to act, the pressure of steam, which 
would rise to a dangerous degree and might burst a cast-iron 
condenser casing, raises the atmospheric valve and allows 
the steam to escape into the atmosphere. These valves, of 
which two illustrations are given, Fig. 45 of the valve made 
by Templer & Banoe of Coventry, and Fig. 46 that made by 
Thomas Walker of Tewkesbury, should have an oil dashpot 
to restrain too rapid movement. The valve should have a 
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drain pipe from an inch or two above the level of its lip in 
order to seal this effectively against air leakage. There 




Fio. 46. Atmospheric Valve. 
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should alsk) be a glass water gauge to show the water level, 
and a supply pipe to keep up the water supply. It is usual 
to carry the atmospheric exhaust above the roof of the 
building. 

One such valve is applied to each engine sometimes, 
especially when of large size, or there may be one valve for 




FiQ, 46. Atmospheric Valve (T. Walker). 



a number of small engines when these exhaust to a common 
condenser. The atmospheric automatic valve may be re- 
placed simply by a hand or motor-worked shut valve which 
provides merely an alternative route for the exhaust steam. 
In the valve of W. H. Spencer & Co. of Hitchin, Figs. 
47, 48, hammering is guarded against by the peculiar arrange- 
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ment of the seating shown in more detail in Fig. 49. It 
wiU be noticed that the valve must rise from its seat a dis- 
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tanee B before steam can pass, and the annular space N 
forms a cushion which prevents the valve from hammering 
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on the seat. The seating, is mside renewable. The balance 
weight is set to balance the valve and the spindle. The 
spring is used to regulate the valve, and is normally regu- 




Fio. 48. Section of Atmosphebio Valve (W. H. Spenoer). 

lated so that when the valve is under equal pressure on each 
side it is raised by the spring nearly the height B. It thus 
lifts promptly as soon as the vacuum is broken, but the 




Fio. 49. Detail of Seatino of Atmo.sphebio Valve (W. H. Spenoer). 

spring tension is easily overcome when there is a partial 
vacuum under so large a valve, which is then pulled down 
to its seat. 
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AIR PUMPS 



THE Air Pump is essential to most condensing systems. 
The old type of air pump, as fitted to jet condensers 
of Boulton and Watt and other engine builders, was a pump 
of the type of Fig. 50, but with flap foot-valve and flap 
discharge-valve. With the condenser it was fully im- 
mersed in a deep tank. The bucket also had a pair of flap 
valves opening upwards like the wings 
of an insect. Hence the name " but- 
terfly " valve. All modem air pumps 
are merely a development of this 
original air pump. 

The air pump is only necessary to 
prevent the grsbdual accumulation of 
air from the feed water and from 
leakage, that would ultimately fill the 
condenser to boiler pressure. 

The action of a pump is as follows: — 

Assume that its capacity is one half 
that of the condenser. Then each 
stroke of the pump will take out half 
the vapour contents of the condenser, 
and therefore approximately half the 

air. It would remove exactly half the air were it not 
that the relief of pressure and abstraction of air will allow 
more vapour to rise from the water and this might get to the 
air pump instead of the mixed vapour. Thus apart from 
this the rarefication would proceed according to the square 
of the number of strokes But each stroke of the pump 
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draws out more water vapour and less air, and as air is 
always entering the condenser, the time arrives when the 
intake of the pump is exactly equivalent to the inflow of the 
air, and this marks the maximum possible vacuum. 

A vacuum can never be better than that proper to the 
water temperature, and will be less according to the laws 
of mixed vapours, see Chapter XIX. 

Every cubic foot of air which enters the condenser ex- 
pands to from 5 to 25 cubic feet. The speed and capacity 
of the air pump have an effect on the capacity of the con- 
denser, for the air pump is intermittent in action and the 
condenser, if very small, would show a fluctuating pressure 
with each stroke of the pump. Large condensers and mul- 
tiple fast-running pumps thus show the steadiest vacuum 
gauge. An important point in air pump design is to arrange 
that no air that gets above the bucket shall remain undis- 
charged that same stroke. As perfect a vacuum as possible 
is formed above the descending bucket, and the space is 
filled by mixed vapour from the condenser. The foot valve 
prevented the back flow of the enclosed volume of vapour 
under the bucket, but in some modem pumps there is no 
foot valve, and obviously the space above the bucket is 
filled by vapour rising from the water seal upon the bucket. 
Compare Fig. 50 with Fig. 51 to gain a clear idea of the 
difference. 

In the type of Fig. 51, or Edwards pump, the condenser 
pressure is that of the vapour and of the air, and the air- 
pump pressure is that of the vapour only. If the mixed 
vapour pressure is two parts due to vapour and one part to 
air, only one-third of the pump barrel will be apparently 
available to take a further supply from the condenser, but, 
as will be seen later, this view must be modified by other 
reasoning. 

Continuous running of an air pump without the addition 
of further air or warmth to the condenser, would finally 
result in refrigeration of the condenser by evaporation. An 
air pump overrun tends to cause refrigeration at the ex- 
pense of wasted power. 

The theoretical power absorbed by an air pump m dw- 
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charging air is that represented by the work in compressing 
and delivering the air to and at atmospheric pressure and 
isothermally, for substantially the temperature remains 
unchanged. 

Per cubic foot of free air, i.e. air at atmospheric pressure, 
this work is given in foot pounds by the following formula — 

W = A^xhyp. log. ^, where 

W = foot pounds of work, t = absolute temperature, usually 




Fig. 61. Edwabds Air Pump. 

about 560° p., p= atmospheric pressure, andP^ = condenser 
pressure. 

A is approximately = 4 or the constant number 53'15 4- 
(13 -h or the number of cubic feet per lb. of air at the tem- 
perature t). 

Thus for t = 576° ; P^ = 1*5 lb. p = 15 lb., we have log. 

Ir=2.3, 



P. 
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and W = 4 X 676*0 x 2-3 = 5,300 foot pounds or about one- 
sixth of a horse-power mmute. Power is also absorbed by 
the discharge of water, which must be pushed into the 
atmospheric pressure. The rest of the power absorbed is 
friction. 

In the working of the common air pump with a through 
valve in the bucket, this evidently descends in a condition 
of equilibrium on its two faces and absorbs no power beyond 
frictional effect. On the upstroke it is exposed to con- 
denser pressure below it. Above it the space is continually 
more restricted. But practically the space above the 
bucket does not vary its temperature, and that part of the 
pressure due to water vapour will remain constant, for the 
restriction of the space will simply send part of the water 
vapour into solution in the water present with it. If there- 
fore the vacuum gauge shows 2i lb. pressure, corresponding 
with a vacuum of 12*2 lb. normally, and the condenser 
temperature corresponds with a steam pressure of IJ lb., 
then the air is 'per se at a pressure of 1 lb., and the work done 
by the bucket will be that represented by the compression 
of air from 1 lb. pressure at the condenser temperature up 
to 14-7 lb. or one atmosphere. The net foot lb. per cubic 
foot of air at atmospheric air will be as stated above = 

W = At X hyp. log.-^. 

For the figures named f" is about 115^ + 461 = 576^ (see 
Table I.) p = 14-7 and P^ = 1. 
Per pound of air»the formula becomes — 

W = 53-15«xhyp. log. ^. 

For pimips of the Edwards type the conditions are a little 
different. The bucket descends against the constant pres- 
sure of the air in the condenser, for it is practically exposed 
on both sides to the pressure of the vapour of water. There 
is no serious compression of air below the bucket owing to 
the large relative capacity of the condenser. Otherwise the 
bucket does sUghtly raise the condenser pressure. 

On its ascent the bucket is exposed to exactly the same 
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conditions as those stated for the common type of pump. 
In other words we may consider only that component of 
pressure difference of the mixed vapour due to the air and 
consider only that isothermal conditions prevail, because of 
the effect of the water present and the small intensity of the 
maximum pressure dealt with, namely one atmosphere 
which does not involve great heat production in generating. 
It is thus easy to see that the work of driving an air pump 
may very well be chiefly made up of friction, and that where 
air is present in small volumes only, a friction-producing 
bucket had better be run as slowly as may be possible, 
whereas with a grooved ringless bucket there is no friction 
and a better speed may be run with economy. 

The volume to be generated by an air pump bucket 
should not be less than 0-75 cubic feet per pound of steam 
dealt with by the condenser plant. Mr. R. W. Allen ^ has 
made tests with as little air-pump capacity as 0*5 cubic feet 
and he gives 0*6 cubic foot as a minimum. 

With a temperature of discharge of circulating water 
96-5° P., he obtained a vacuum of 26-91 inches by gauge, 
corresponding with 27-18 inches if corrected for 30-inch 
barometer. The vacuum corresponding with the tempera- 
ture of air-pump discharge — 110*5° F., is 27-1'^. The vacuum 
efficiency is given as 99-25 per cent., being the ratio of 
26-91 to 27-18 inches. The air pump generated 0-496 cubic 
feet per pound of steam condensed, but there was perhaps 
special air-tightness in this case. 

Barometer. 

The variations of the barometer either by variable weather 
conditions or altitude have no serious effect on air-pump 
work in this country, but at high altitudes (see Table in 
Chapter XXVI.) the pressure of the air is seriously less. 
Boiler pressure is greater, per gauge, with higher altitude 
because the air pressure is reduced. A boiler at 14-7 lb. 
absolute pressure always contains water at 212° F., if no air 
be present in it. An air pump has therefore less to do when 
pushing its discharge into the atmosphere. 

^ MintOM of Proc. Inst, C.E., Session 1904-5. 
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There is less to be gained from condensing at high alti- 
tudes than at low. The same size of condenser is required, 
indeed it must be larger, and the only credit item must come 
in the fact that slightly less power should be absorbed in 
driving the air pump, and there should be less air to deal 
with both from the injection in a jet condenser and from 
leakage through glands, etc., owing to the reduced atmo- 
spheric pressure which tends to reduced air solution and to 
reduced leakage. 

These are small items, and generally it may be said that 
condensing provides less economy, but the question will 
scarcely arise on which this need be considered, for even so 
high up as the Band, S.A., the atmospheric pressure is still 
over 12 lb. 

The Air-Pump Bucket. 

In the early air pumps the bucket consisted of a plain 
casting like a thick flanged pulley, the space between the 
flanges being filled with blocks of spruce pine tightly driven 
in dry and turned to fit the barrel. When wetted the 
bucket became a tight fit in the barrel, and very soon it wore 
easy and worked quite as well and with much less friction. 

In other cases the wood was replaced by greased rope. 
Then about 1870 the metallic pump bucket with rings 
sprung in like a steam piston became more and more used. 
It is however a mistake to use rings in a wet air pump. 
They are a frequent cause of failure, breaking and overriding, 
etc. A bucket should be as long, or nearly so, as its dia- 
meter, especially in small sizes, and never less than five inches 
long. In ordinary water pumps the Author makes buckets 
about four inches long, plus half the diameter. 

The bucket should be a plain cylinder fitting the barrel 
closely. Its surface should be cut into grooves about \ to 
i\ wide by -^^ to J deep, with spaces between of 4 to ^ • Thus 
made there will be no serious leakage nor wear, and no fric- 
tion. The packing of a pump bucket or the use of rings wiU 
not bear reasoning upon. Indeed it is absurd to suppose 
that leakage can take place through the length of a bucket 
with its score or more of eddy-forming square-cut grooves. 
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General Forms of Air Pumps. * 

There are two main types of pump in respect of their 
action, viz., bucket pumps and plungers or displacers. The 
bucket pump requires no further special description. In 
the displacement pump the bucket is merely a solid plunger, 
often more or less ogival ended, which enters upon and re- 
cedes from the space volume of the barrel or end chambers. 

Whereas pumps work best perhaps when vertical, they 
are often made horizontal, but even in certain horizontal 
pumps the real surface which expels air is the surface of 
water, in the end chambers of the pump, which is caused to 
rise and fall by the displacement of the horizontally-moving 
plunger. Pumps are made single or double acting, and in 
certain forms of horizontal pumps it becomes necessary to 
take into consideration certain eflFects of gravity in deter- 
mining the movement of the water so as to avoid shock. 

The various points can perhaps best be brought forward 
in the explanation of the several pumps employed as illus- 
trative examples. 
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CHAPTER XXII 
TYPES OF AIR PUMPS 

The Edwards Air Pump. 

IN this pump (Figs. 51, 52) the speed is high and the 
water is compelled to enter the pump by the sudden 
blow of the eonically-pointed bucket striking the water 
collected in the lower chamber and impelling it round the 
curved passages which direct it through the ports just 
opened by the de- 
scent of the bucket I$t f^ ri ffH 
past them, as seen 
in Fig. 52. The 
descent of the 
bucket in a space 
vacant of air pro- 
duces, as explained 
previously, a vac- 
uum above the 
bucket as perfect as 
the water tempera- 
ture will allow. 
There is no air 
eflFect, and when the 
ports are open the 
mixed air and gas 
in the condenser 
rush in to fill the 

vacancy. The volume of the barrel above the bucket is 
thus available to the extent of the absence of air which is 
present in the condenser, and it must not be imagined that 
the full volume of the bucket stroke is abstracted at each 
stroke. 
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Fig. 62. Edwakds Air Pump. 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 

When applied to jet condensers the speed is more moderate, 
as shown by the annexed table, which shows the effect of 
the larger volume of water introduced with the jet as com- 
pared with that in the discharge from a surface condenser. 











Tempera- 


Pressure 


Difference 
between 
Vacuum 


.^sr 


Revolu- 


Vacuum 


Barometer 


Pump 
Disctiarge 


due to 


obtained 


tions per 


in 


in 


Tempera- 


and highest 


Condenser. 


Minute. 


Inches. 


Indies. 


ture in 


Vacuum 










Fahrenheit. 


Inches. 


theoretically 
possible U 




240 




30-85 


65 




no air present 


No. (1) 


30-2 


•619 


-03 


Surface. 


250 


29-6 

28 


30-8 
30-45 


83 


M 
2-369 


-1 


No. (2) 


375 


107 


-081 


Surface. 


128 


28-25 


30 








No. (3) 


88 


1-328 


•422 


Jet. 


128 


28-375 


30 


84 


M69 


•456 



This pump is very commonly made with three barrels. 
Such a pump with three 14-inch diameter barrels and a 
stroke of 12 inches is rated for 45,000 lb. of steam per hour 
from a surface condenser if run at a speed of 150 r.p.m. 
This rating points to a capacity of 0-66 of a cubic foot per 
pound of feed water, calculated of course on one working 
stroke of e€W3h barrel per revolution. 

A convenient way of driving these pumps is by an electric 
motor through gearing which may include a raw hide pinion, 
and in any case should be broad, of fairly fine pitch, and 
with teeth not above half the pitch in length. 

In Fig. 53 is seen a combined air and circulating pump 
with electric drive, as arranged by the Mirrlees Watson Co., 
and in Fig. 54 a double-barrel Edwards air pump with cir- 
culating pump and surface condenser complete by Isaac 
Storey & Sons, Ltd. 

It should be added that when the bucket uncovers the 
ports to the condenser and mixed vapour rushes into the 
pump barrel to equalize pressure therein with that in the 
condenser, the inrush will continue until either the port is 
again closed or the vapour mixture in the barrel becomes 
identical with that in the condenser, for since the air pump 
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Ficj. 63. Ei^CTBiCALL^ Driven Air and Circulatino Pump (Mirrlees 

Watson Co.) 




Fig. 54. Double Ant Pump and Circulatino Pump Electrically 
Driven (Isaac Storey & Sons, Ltd.) 
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contains only water vapour this must have a pressure proper 
to the temperature. But when it is exposed to the higher 
pressure of the condenser it is compressed into smaller space, 
and it is not possible for more water vapour to exist in such 
smaller space. The law of molecular equilibrium forbids 
this. Therefore the pure unmixed water vapour must all 
condense to water, and the pump barrel must become full 

of the same ratio of mixed 
vapour as exists in the con- 
denser. The Edwards and 
similar classes of pumps do, 
therefore, work at full effici- 
ency if there is time to allow 
of this while the ports are 
uncovered by the bucket. It 
is all a question of rapidity of 
condensation of water vapour 
exposed to a pressure inconsis- 
tent with the law of molecular 
equilibrium, see Chapter XIX. 
The Brake Horse Power 
required to drive these pumps 
may be taken as 1 h.p. for 
every 5,000 gallons per hour 
raised 20 feet, or 10,000 gallons 
raised 10 feet and so on. Pipe 
friction must be added extra. 
The vertical air pump of 
Davey Paxman & Co. is shown 
in Fig. 55. It is double acting 
and draws its supply through 
a port which is uncovered by the bucket at each stroke. On 
the upstroke of the bucket, discharge takes place through 
the top discharge valves. On the down stroke, discharge 
takes place into the bucket and thence through the central 
guide plunger, which is water sealed as shown plainly in the 
figure. This is a high-speed pump and can be run direct 
off a high-speed engine, the 14-inch dia. x 7-inch stroke 
three-crank pump being run at 250 revs, per minute. 

204 




Fig. 56. Vertical Aib Pump 
(Davey Paxman & CJo.) 
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Bather over half the duty is done by the upper side of the 
bucket, and being double acting the bucket diameter need 
not be above about seven-tenths that of a single-acting 
pump. 

TABLE XVI. 
Sizes of Centrifuqal Pumps suitable for E jectob Condensers. 



Diameter 
of Suction 

and 

Discharge 

pipes in inches. 


Revolutions 
per minute 

for Ufts 
of 30 feet. 


Water 
discharged 

minute. 


Suitable 

for 
Ledward's 
Condenser 

No. 


2 
3 

4 
6 
6 
7 
8 
10 
12 


1650 

1372 

1372 

1000 

1000 

769 

796 

686 

686 


68 galls. 

160 „ 

260 „ 

420 „ 

620 „ 

860 „ 
1100 „ 
1900 „ 
2600 „ 


3 to 4 

6to 6 

6 to 7 

8 to 10 

12 

12 to 14 

14 to 16 

18 

20 



TABLE XVII. 
Capacity of Ejectors. 



No. 

corresponding 

to 

diameter of 

Exhaust Pipe 

in inches. 



H 

2i 

3 

4 

6 

6 

7 

8 
10 
12 
14 
16 
18 
20 
22 
24 



Capacity 

Steam 

Condensed 

per hour. 

Lb. 


Condensing 

Water 

required per 

hour. 

QaUons. 


200 


550 


400 


1100 


800 


2200 


1500 


4000 


2000 


5500 


3000 


8260 


4000 


11000 


6000 


16600 


8000 


22000 


12000 


33000 


20000 


55000 


28000 


77000 


36000 


99000 


48000 


132000 


66000 


166000 


66000 


198000 
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The Ejector Air Pump. 

This, abeady referred to as the Ejector Condenser (Fig. 
37), acts by the conversion of the molecular kinetic energy 
in the exhaust steam into kinetic mass energy of water. 
The jet of water flows into the vacuum formed in the com- 
bining head (Fig. 56) and carries with it the air present with 
the steam. It is considered best to allow water to enter 




6VCT/3^ 



Fio. 56. Ejector Coin)ENSEit with Pump (Ledwcu'd.) 

from an elevation of 16 to 20 feet or to connect a centrifugal 
pump directly to the ejector so as to have a closed cycle from 
the water supply to the ejector discharge. 

The direct connexion of a pump is shown in Fig. 66, and 
such pumps may be motor driven. Ordinary centrifugal 
pumps will perform as per the annexed Table XVI., and the 
general dimensions of ejectors are given in the Table XVII., 
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together with theu* capacity in steam condensed calculated 
on the assumption of a water supply at 60° F. For warmer 
water the ejector requires to be correspondingly larger. 
When fixed horizontally, as they may be, the steam should 
enter from above, and the water supply should have a 
velocity equivalent to a head of 20 to 30 feet. 

The Displacement Pump of Hick Hargreaves Co. 

In this pump (Fig. 67) a round-ended solid plunger works 
in a barrel so connected to a valve chamber that the plunger 
is double acting. The inlets are by the inclined laterally 
placed valves which open inwards and downwards, and the 
outlet valves are at the top of the central and annular outlet 
chambers. It will be noted 
that this pump is always full 
of water and air, and that as 
the air enters it rises at once 
to the top of the outlet cham- 
bers under the valves and is 
the first to be expelled. The 
outlet valves are always 
drowned and therefore air- 
sealed. This type of pump 
was applied to the 3,000 h.-p. 
engines of Messrs. Sassoon of 
Bombay, together with a cir- 
culating pump of similar tjrpe. 
The diagrams 1 to 4 (Fig. 58) 
show the general form of in- 
dicator diagrams from good 
air pumps, the compression 
being indicated by the up- 
ward curve, the expulsion to 
the atmosphere by the short 
horizontal line at the top of 
the diagrams, and the return 
stroke by the lower curve. 
The diagrams teach by the 
length of the level portion Fio 67. Displacement Aib Pump, 
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WATER SOFTENING AND TREATMENT 

that the pump is delivering during about ^ to ^^ ^^ ^^ 

travel, No. 1 top taking in 
less air evidently than the 
bottom side. 

The Horizontal Air Pump. 

When horizontal air pumps 
were first employed they often 
gave poor results. This was 
explained by Mr. Longridge 
in his report of 1888 ^ as due 
to bad design. Thus in pumps 
of the type of Fig. 59 he states 
that the velocity of the water 
in the barrel must not exceed 
that due to the head measured 
from the bucket centre to the 
water surface in the end cham- 
bers. Proper design therefore 
includes a question of height 
of end chamber. 

These pumps have been 
much employed tandem with 
the steam cylinders, and 
therefore with a bucket velo- 
city of. 600 to 700 feet per 
minute as a mean and there- 
fore a maximum speed, 1-57 
times this, or say 950 feet per 
minute in a given case. With 
square-ended barrel the vena 
contracta effect adds 50 per 
cent, to the water velocity 
necessary to follow the bucket 
soUdly. Let this velocity be 
put down roundly at 25 feet 
per second. Then since V= 

* See Annual Report 1838, Engine, Boikr and Employer b^ LiabiUty 
AMoctation, Ltd. 
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8 yn and V= 26 feet we have 7 H=fully 3 feet and H = 

9 feet. If this height cannot be allowed, then the velocity 
must be less. It can be kept down to that of the bucket by 
flaring out the barrel ends to the correct conoidal form so 
that V shall only be 16 to 18 feet per second, and then H 
becomes 4 to 5| feet, but height and correct entrance are 
needed to keep the water solidly against the bucket face, 
and the movement of the water thus to and fro so rapidly 
means considerable stress on parts. Obviously the water 
surfaces in the end chambers simply move up and down and 
are the real acting faces of the bucket in expelling air and 
drawing it in from the condenser. 




Fio. 59. HoBizoNTAi. AiB Pump. 

Generally the pump as shown in Eig. 69 is useful for lower 
speeds and for driving by direct.acting steam cylinders. It. 
then forms a good combination, and the bucket, being 
always drowned, is airtight. 

Tail Rod Pump. 

The high-speed tail-rod pump by Pollitt & Wigzell (Fig. 
60) is of different design from the foregoing and consists of 
an air-pump barrel standing out horizontally in the base of 
a jet condenser. The bucket is solid and uncovers a series 
of ring ports, on its outward course, through which enter 
water and air to be expelled through the end delivery valves. 
The water about the pump is always maintained as a mini- 
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WATER SOFTENING AND TREATMENT 

mum quantity. Though made for long-stroke engines this 
arrangement is silent, and it is run at upwards of 880 feet 
per minute and to as many as 150 revolutions. When 
attached to a surface condenser the arrangement is that of 
Fig. 61, with often a circulating pump in combination. 
Here the circulating pump must not be called on to lift its 
supply too far. Say that the minimum speed of the bucket 
is V= 820 feet per second in a particular case. Then the 

equivalent head will 
be 6i feet or V=20 
=8 yll. If the 
pump ordinarily 
would lift its water 
23J feet at slow 
speed, it should not 
be required to Uft 
more than 23i-6i = 
17 feet, or to allow 
ample eflfect, say 14 
feet. 

Owing to the 
bucket velocity the 
water pushed before 
it distributes evenly 
over the bucket face, 
and in the air pump 
this ensures that the 
air shall first be ex- 
pelled through the 
delivery valves. If 
run at a slow speed, 
the water would col- 
lect on the lower part of the barrel and much air would 
remain behind to vitiate the vacuum on the return stroke. 
Probably this explains the failure of slow-nmning horizontal 
air pumps not supplied with end-water chambers of a height 
sufficient to drown the bucket. It will be noted that the 
circulating pump in Fig. 61 is double acting, and draws its 
water from a surrounding casing. 
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Fig. 60. High-Speed Tail-Rod Air Pump. 
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In Eig. 62 the jet condenser is seen combined with 
a steam-driven horizontal air pump with flywheel. This 
enables the steam to be used expansively. Steam enters the 







condenser round the water-inlet valve, and is drawn into the 
pump from below. The air rises directly to the outlet 
valves and is promptly discharged. 
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Combined Direct-driven Air Pumps. 

In Fig. 63 is shown the Worthington Co.'s direct driven 
air and circulating pump with tubular surface condenser. 
For an area of 1,075 square feet of surface steam cylinders 
of 6 and 10 inches compound tandem type are arranged on 
the same rod as lOJ-inch air pumps and lOJ-inch circulating 
pumps. The stroke of all is 10 inches, and the duplex 
arrangeinent is adopted, making two complete sets side by 
side of the above details. The Author's experience of such 




Fig. 63. O^mbined Air and Cibculatino Pumps. 

pumps with flat indiarubber valves is that frequently the 
valves cockle up and the pumps fall off in eflBciency or refuse 
work entirely. Dermatine valves stand much better than 
rubber. These pumps are always fixed below the condenser, 
which is of the usual two-pass t3rpe as regards water. The 
tubes of the Worthington condenser are flanged and held in 
one tube plate by a packing ring and screwed ferrule. At 
the other end they are packed and fitted with a screwed 
gland. 

Compound Air Pumps. 

The ratio of the atmospheric pressure to the pressure in a 
good condenser is very high. The action of an air pump 
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drawing from a cold condenser is equivalent to that of an 
air compressor compressing to a very high degree. 

Thus if atmospheric pressure is 14*7, and a vacuum of 
28 inches is secured, the absolute pressure of which is 0-944 
lb., this represents the maximum possible vacuum for a 
temperature of 100° F. 

Then 14-7 -0-944 = 13-576 lb. In this case there could 
be no air present. But suppose with a temperature of 
100° F. that the vacuum was only 27t inches or 1-189 lb., 
then 1-189—0-944 = 0-245 lb. unaccounted for, or rather 
accounted for by air pressure. Then 14-7 -=-0-245 =60, and 
the air pump in such a case will be called on to compress the 
air sixty times in delivering it to the atmosphere. 

Ostensibly because of the theory that air forms a blanket 
about the tubes of a condenser, the supplementary condenser 
of Parsons is employed for the Parsons turbine. Actually 
this augmentor is a form of compound air pump — the addi- 
tion of a second stage such as would be naturally applied 
were an air compressor required to compress to sixty atmo- 
spheres. Let it be supposed that by means of the augmentor 
the air is gathered from the condenser and condensed from 
0-246 lb. to as much as 2-46 lb. — the Author has no figures 
showing the eflfect of the augmentor — then the ordinary 
air pump, instead of compressing sixty times will be called 
on to compress only six times. Fig. 64 shows an arrange- 
ment of this two-stage air pump. It will be observed that 
the condenser is slightly inclined, and the water-outlet pipe 
is cranked below the indraught power of the regular air 
pump, thus forming an air trap. On the left a steam ejector 
draws air and vapour out of the condenser and forces them 
through the small augmentor condenser, which is full of 
water tubes, and forward to the intake of the air pump, 
which is thus enabled to pick up at each stroke as many 
times the quantity of air as is represented by the ratio of 
compression performed by the ejector. The steam con- 
sumption of this steam jet is said to be Ij^ per cent, of the 
total steam used at fuU load by the engine. The water 
vapour present in the augmentor space is only that proper 
to the temperature. The increase of pressure due to the 
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augmentor jet simply causes the water vapour to condense 
until only so much is present as satisfies the molecular 
equilibrium. 

It is said that the effect is to increase the pressure at the 
air pump to about 26 inches, when the condenser vacuum 
is 27 J to 28 inches, that is, the effect of the jet is to produce 
a difference of IJ to 2 inches or 0-736 to 0-982 lb. 

If this effect were produced with reciprocating engines 
having a mean pressure referred to the l.-p. cylinder of even 
as low as 30 lb., the advantage gained would be less than 
3 per cent, gross and only H per cent. nett. The circulating 
water used in turbine work is usually large, about fifty-fold 



Fig. 64. Two -Stage Aib Pump with Jet Auomentob. 

the full load steam consumption in place of an ordinary 
thirty-fold. An average of 0-4 per cent, of the total steam 
is used up in the circulation of so much water, and the 
vacuum is improved, says Mr. Parsons, J to 1 inch, which 
represents 4 to 5 per cent, gain of power in the turbine. 
The auxiliary condenser has a surface one-twentieth that of 
the main condenser. If from these figures ^ the air pres- 
sure be assumed increased even four times by the steam 
augmentor, the actual air pump is rendered so many times 
more efficient, but the paper gives no temperatures from 
which any reUable data can be abstracted on this item. 

1 Journal Inst, C,E,, vol. xxiii. pt. 4. 
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Without a knowledge of condenser temperatures it is 
impossible to judge the efficiency of operation or of the 
amount of air present. 

A form of compound air ptimp is that arranged with the 
barometric condenser at the Manhattan Power Station, 
New York. Originally fitted with ordinary triple-barrel air 
pumps these proved unsatisfactory. In place of these 
pumps a rotatory dry air pump was arranged to take " dry " 
air from the head of the barometric condenser, no attempt 
being made to carry oflE the air in the water column, though 
some is thus carried off. But the dry rotating air pump 
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^^- ; . . I Fig. 65. Rotativb Ant Pump fob Augmentor Work. 

compresses the air somewhat and delivers into the baro- 
metric disgharge pipe in small bubbles, which are carried 
away to the descending column of water. 

The air pump is simply a modified Beales gas exhauster, 
and consists of a cylindrical casing containing a smaller 
rotating cylinder fitted with four sUding blades pressed out- 
wards by springs against the inner surface of the casing, as 
shown in Fig. 65. Thus, instead of the air-pump diagram 
being like the full diagram A in Fig. 66, it becomes tnmcated 
to the form B. The difference of pressure against which 
the rotating exhauster works is thus reduced to one-third of 
what would be necessary if discharging to atmosphere. 
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Hence the possibility of using this gas exhauster otherwise 
not suitable for air-pump work. 

Position of Condensers and Air Pumps. 

Given absolute airtightness there appears no reason why 
the condensing plant should not, if necessary, be placed a 
considerable distance from the engine if circumstances call 
for this. The exhaust pipe should be larger when long. 
But where reasonably practicable the condenser should be 
close to the engine, and so should the air pump, if only to 
reduce the area of parts containing pressures below the 
atmosphere. A long exhaust pipe, especially in the open 




Fig. 66. Aib-Pump Diaoaams. 

air, will act as a condenser and relieve the work on the con- 
denser proper. In all probability the poor vacua which 
attend long exhaust pipes arise from air leakages through 
badly jointed pipes and bad castings, especially about the 
chaplet marks of horizontally cast pipes. All g6od pipes 
should be vertically cast and should be dipped hot into tar 
and pitch mixture and kept well painted. 

Given large and tight exhaust pip'es, there seems no reason 
why steam should not be carried far to a condenser in pre- 
ference to pumping a large weight of water uphill to an 
engine, as is done at the Newcastle-on-Tjoie Manors Power 
Station. 
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CHAPTER XXm 
CIRCULATING PUMPS 

SOME of these will be found illustrated with air pumps 
and condensers, as in Figs. 36, 39, 53, 54, etc. Gener- 
ally speaking, if not driven by the main engine, the centri- 
fugal pump is the best and cheapest form of pump for lifting 
or forcing a large body of water at a low pressure through a 
condenser. This pump is most conveniently driven by an 
electric motor, which like the pump requires to run at a high 
rate of rotation. They are small in bulk for their output. 
Centrifugal pumps are rated for size by the diameter of their 
inlet and discharge pipes, and their output ratio varies about 
with the square of this diameter. Thus while a 6-inch pump 
should discharge about 30,000 gallons per hour under certain 
conditions, a 7-inch under similar conditions will discharge 
nearly 60,000 gallons. A rule for output is thus F = 3D * 
where D is the diameter in inches and F= cubic feet per. 
minute. The diameter of the rotating fan or runner is 
about 3D. 

With a foot valve and a temperature about 52° F. the 
Author has run a 5-inch centrifugal pump and discharged 
20,000 gallons per hour with a suction lift of over 30 feet 
below the pump. The water supply was an artesian well, 
and the probability is that there was little free gas in the 
water and the vacuum proper to a temperature of 62° F. is 
over 29 J inches of mercury, or less than half a foot of water 
head. This shows the effect of air in vitiating a vacuum 
and the advantage of its absence in securing maximum 
pump eflSciencies. 

Any kind of water pump may be employed for circulating 
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purposes. That of Hick Hargreaves, shown in Fig. 67, 
resembles their air pump and consists of an ogival double- 
headed plunger moving to and fro in a sleeve between two 
water chambers. It will be observed that such a pump may 
be placed horizontally or verticaUy. The illustration is 





bg^^I 




Fig. 67. Displacement Cir- 
culating Pump. 



Fig. 68. Displacement Cibculat 
ING Pump (The Pulsometer Co.). 



from a vertical pump, and the sloping upper boundary of the 
discharge chambers should be noted whereby the last 
particle of air can escape through the discharge valves, and 
any air trap is avoided. 

The Pulsometer Co. make the vertical displacement cir- 
culating pump Fig. 68, the points to be noted being the 
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pointed ends of the plunger and the sloping upper bound- 
aries of the two chambers, so made to facilitate free escape 
of air to the discharge valves. 



Coefficient of Contraction. 

Experience has proved that the amount of water flowing 
out of an orifice under a given head is not to be found simply 
by multiplying the velocity due to the head by the area. 

A deduction has to be made from this theoretical duty 
owing to the pecuhar contraction of area of a jet. A cor- 
rective coefficient is required to allow for this " vevia con- 
tractar 

This coefficient varies with the head and with the form 
of the orifice. Navier gives the co-efficient = C = 0*636 for 
orifices in thin plates and 0*62 for circular orifices of which 
the diameter lies between 0*02 m. and 0-16 m., or say 
I to 6i inches where the head does not exceed 6-80 m. 
or about 22 feet 4 inches. C = 0-62 for a rectangular orifice 
of which the minimum length is between 0-2 and 0*16 m. 
and the breadth is more than twenty times less. For a very 
short conical orifice if 2^ is the angle of the cone, C is given 
by Castel as follows. 



2^ 


c. 


2<^ 
13-24° 


C. 


0-0« 


-829 


•946 


1-36 


•866 


14-28 


-941 


3-10 


•896 


16^36 


•938 


4-10 


•912 


19-28 


•924 


6-26 


•924 


21-00 


•918 


7-62 


•929 


23-00 


•913 


8-68 


•934 


29-58 


-896 


10-20 


•938 


40-20 


-869 


12*04 


•942 


48-60 


-847 



Navier gives C = 100 for 2(^ = 20° and C = 0-93 for 
20 = 50°. 
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CHAPTER XXIV 
FEED HEATING 

THE object of heating the feed water of a steam boiler 
is five-fold. First, it effects a saving of heat that 
would otherwise go to waste in exhaust steam or exhaust 
gases ; secondly, it enables a given boiler to produce more 
steam, and may thus obviate the necessity of adding to 
plant ; thirdly, it saves a boiler from certain stresses and 
certain forms of corrosion to feed in the water hot ; fourthly, 
the heating of feed water assists it to deposit some of its 
salts prior to entering the boiler, and if a temperature of 
boiling is reache.d, the COa gas which holds lime carbonate 
in suspension is driven off and temporary hardness is 
removed thereby. And finally, there is reason to believe 
that the heat transference from a fire to water on the other 
side of a fire-heated plate is facilitated when fully hot water 
alone is allowed to enter a boiler. On this point there are 
strong differences of opinion, and no final test determinations. 

Fire-Heated or Flue-Feed Heaters. 

Practically, the fire-heated flue-feed heater is confined 
to that type which makes use of heat in the waste gases 
of a furnace, and this type has become practically reduced 
to a single form, which has become known as the Green's 
Economizer. This apparatus consists of a number of cast- 
iron pipes 9 feet long and 4y^j inches external diameter, 
with their ends turned true and pressed into cast-iron end 
or header boxes bored out to receive them. These headers 
vary in length from that sufficient to hold 4 pipes up to 
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as many as 12, the sections thus built up always extending 
across the flue, which is usually enlarged so that the net 
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Fio. 69. Cross Section of Econohizeb. 

area between the tubes shall be the equivalent of the cross 
section of the flue leading to the economizer. 

These sections are built in the widened flue in multiples 
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of four. Thus, the smallest economizer of 6 pipes (Fig. 69) 
in width must contain a total of 24, 48, 72, or 96 pipes and 
so on, the reason for this being that scrapers are made to 
move up and down the pipes, and each two rows of scrapers 
are carried by a chain over a wheel, and on the other end 
of the chain are the scrapers of two other rows of pipe. 
Where the width of an economizer is considerable, there 
are two lines of suspension wheels. These wheels carry- 
also a worm wheel and they are all driven by worms on 
a lay shaft, which is automatically reversed in rotation by 
an automatic tumbler clutch connected to the driver of a 
double pair of bevel wheels. In this way the scrapers 
constantly travel up and down the length of the pipes 
and remove soot and dust, which falls into the chamber 
below the lower boxes. Ordinarily the pipes are set 7i 
inches apart, C to C, along the headers, and the headers 
are 8 inches centre to centre along the flues. 

A very usual allowance of economizer is 3 square feet 
of pipe area for each square foot of grate surface. This 
about doubles the heating surface of the Lanc€tshire boiler, 
and represents from 960 to 1,200 square feet per boiler of 
economizer surface, or 96 to 120 pipes, according to the size 
of the boiler. In cotton factories it is very usual to allow 
4 pipes for each ton of coal burned per week. 

All the headers, top and bottom, are connected to a 
multiple flanged pipe, through which water is fed in or 
taken off. On these inlet and outlet pipes are pockets to 
hold thermometers and blow-out and safety valves respect- 
ively. The scraper gear is driven by a small engine, by 
a belt from some adjacent shaft, or by an electric motor. 
The top boxes have a capped opening opposite e€W5h tube, 
with caps and centre bolts and cross bars. 

Economizers are put in the full run of the main flue, 
but there is a by-pass flue to pass the gas in case of repair 
or cleaning of the economizer. When more than twelve 
sections are joined together, the connecting pipes are fitted 
with spring bends projecting horizontally to allow of 
differential expansion of parts. In large economizers there 
may be two divisions in series, one after another, the water 
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first entering that division nearer to the chimney. As 
water enters an economizer equally freely at each section 
box, the pipes most highly heated will have the best circu- 
lation and do most work. All the pipes are in parallel, so 
that the average water movement is very slow, and the 
resistance to flow is practically nil, and the placing of one 




Fio. 70. Green's Economizer, bhowino Partial Return to Pump. 

apparatus in series with another adds very little more to 
the resistance. 

Economizers must not be fed with water at less than 
90° to 100° F., since this will cause some of the moisture 
to condense on the lower boxes and lower sixth or there- . 
abouts of the pipe length. To avoid this eflFect, which will 
speedily destroy an economizer, a part of the discharged 
hot water is returned by a small pipe to the feed pump 
suction, and serves to heat the feed to 100° F. and stop 
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further condensation. Otherwise the discharge of a con- 
denser will usually be hot enough to serve these ends. 

This is seen in Fig. 70, which shows a Green's Economizer 
and its by-pass flue as arranged in a very usual way with 




^fi^^^^^!^!^ 




Green's Economizeb, showino Initial Warming Section. 



Lancashire boilers. Messrs. Green also employ the method 
of Fig. 71, which shows a general plan and elevation of the 
pipes and side or soot doors for inspecting purposes. The 
four sections of pipes next the chimney are independent of 
the remainder, being fed with water in their top boxes. 
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The course of the water is downwards, and from the bottom 
boxes it passes to the other pipes in the usual way. 

Even if feci with cold water only the four first sections 
would suffer any corrosion, and in this way the whole of 
a few pipes may be rusted away instead of a sixth part of 
all the pipes, which would be as surely useless as if wholly 
corroded. Only four pipes would be renewed where per- 
haps twenty-four would otherwise require renewal. It is, 




Fio. 72. Economizer with Internal Scrapers. 

however, a simple matter with cold feed to adopt the 
method of Fig. 70, and return some of the hot water to 
the feed pump. 

Thus B is the pump drawing its supply by the pipe D 
and delivering as shown by the arrows to the economizer, 
whence the heated water travels by the pipe C to the 
boilers. A small pipe A abstracts a portion of the water 
from C and redelivers it to the pump section D, by which 
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means the whole of the feed water is delivered to the 
economizer at a temperature above 90° or 100° F., the 
amount of returned water being arranged to give this 
temperature. 

If hard water is used the pipes of an economizer will 
gradually choke with scale. They are then bored out by 
a special portable set of multiple boring bars. 

In Roberts' economizer (Fig. 72) each tube has an internal 
revolving scraper in constant rotation to remove scale as 
rapidly as it is formed. This is shown in Fig. 72. The 
scrapers are driven by worm wheels with shafts in each 
top header entering through stuffing boxes. A standard 
economizer has 10 square feet of surface per pipe, weighs 
280 lb. per pipe, and holds 6 J gallons per pipe. Experi- 
ment has shown that there is no diflference in the efficiency 
of an economizer whether it be arranged for the pipes to 
be all in series with each other or all in parallel, but when 
in series the resistance to flow may be much increased. 
The following table (XVIII.) shows the approximate saving 
due to each degree of temperature increase at diflferent 
temperatures, the differences down the columns arising 
from the difference of specific heat of water, which is greater 
at the higher temperatures, and a degree of temperature 
represents more heat per lb. of water. 

In the annexed table (XVIII.) the percentage of saving 
due to feed heating is shown for a steam pressure of 60 lb. 

In general the gases are not to be cooled below 350° F., 
for the sake of the chimney draught, but there is no limit 
to the cooling that may be allowed for fan draughts. The 
economy of feed heating is measured by the ratio of the 
heat added to the feed- water, and the total heat in the steam 
above initial feed water temperature. 

Thus the total heat in a pound of steam will be about 

1,100 B.Th.U., and if 140° F. of temperature is added to 

the feed, this is very nearly equal to 140 B.Th.U. Then 

1,100—140 96 

— rTm) — =Tjo^ 0*873, showmg an economy of 100 - 87*3 

=12*7 per cent. The following table (XIX.) is calculated 
on this basis for a pressure of 60 lb. 

229 



Digitized by LjOOQ IC 



o 

13 

< 

X 
OS 

< 

o 

H 
H 

"" i 
§1 









H o 

H 
U 
OS 

Q 



CD 

-<! 

O Si 



I 



o 

O 

O 

g 

O 

H 
O 



5S 



0ICCOOOOOOOOOOOOOOQOOOO2 



QOaoooaoooaoaoaoaooDOObOCdoooodOOObOO 
ooooooooooooooooooooo-^-^ 



O0O0O000OOOOOOOO000O';*'7"7* 



QOOOaDooaot*«xxaoodOO>ocdocdOO)00)000 
OOOOOOOOOOOOOOOOOOOO'^'^^'T* 



aoaOQoaoaoaoooaoooo>c^ooo>oo)0&0)OC9E>ooo 
ooooooooooooooocoooo^--*^ 



aCXQOQOaOQOQOQOOOdObCdabC&OOdO^ObOOOOO 
OOOOOOOOOOOOOOOOOOO'^'^';*';* 



XXXXXxXXOdOOdO)Ob^OdOdO>0)00000 



OOOOOoOOOCOOOOOOOOO-*^^^ 



t*eoor*»«coxcai-"»0'^<M-^OOoxx«xxcaO 

•^iO«OcOt-XXC50^<NCO'^»0»0®t-XC50^tN"^ 

ooxaoxxxxxcdO)C30>oodO>OdC3C300000 

OOOOOOOOOOOOOOOOOOO'-^^^^ 



s 



XXXXXXXOdOdOftOO>OdOOdOdOdO>00000 

COOOOOOOOOOOOOOOOO^'-*'-^^^ 



OOXXXXXO^OOdCdOCdOOdObOdOObOOOOO 



»-<t*»o«oxt^»oco«^oo>xxx«xx»oao<N 

COCOt^XOaO&0«-i<MCO'^lOU5COt^«050«-^©<COlO«0 
XXXXXXO^CdOOdCDOdOOdOdO>9000000 
OOOOOOOOOOOOOOOOO^^^p-^*-*^ 



• •••••••••••••••••••••• 


©^XCO'^©<00»l*OIO'^COCO©^(NC^©J©^CO 
l^l^XC50^^(NCO'*lOCOt-XOO^©^CO 

xx»xa)a)oa>a>oa>o:>c»oooooo 
999999999999999'r'r'r'r 



AH ^ 



'NOOOOOOQOOOOOOOOQOOOOOO 



230 



Digitized by LjOOQ IC 



00 r* «o -^ CO 
o> Oi a G> o> 

c> t^ n ih ^ a> 



CO CO O CD CO O 
0> Ob Od 00 t* t^ 

O pl< CO lO A O "^ 



»-< (N CO T*< CO O |> 
0> 00 l^ CO lO '^ CO 
• • • • • • • 

0'-^coioi>a*'~'co 



Qpi>cpioep^oo> 



T*<t^0IC0O»0«(N0i 

00COiOC0(M©«tp"^ 

Oi^CO»oAoi^'^'4<«0 



O'HO^coeo^uiVicoi-" 

QpCp'^(>»O00Cp'^(NO 



M CO 



s 



3 

CO 



g 

O(>i'^«odb»i^w»oi>ob 

i-S 1-4 l-H i-H l-H 



00t*COCO»O"^C0C^»MF-H 
CO'^C^OOOCO'<*(NOOO 



t-lO«NOl^»OCOOt>-»0<N 

t^iocoooocoeo©iosr»»o 
• •••••••••• 

O»-'C0»Ot-00OG^'^»Ot^C» 



x-^OOt-iwcooaco^t-co 

00CO^<-iO>CO'<*»-iOat*'^C^ 

• ••••••••••a 

O(N'^C0t*»^C0'<*C000O 
,^ ,-H r-^ ^H p-H (N 



s 



s 



'*i<C5COI>©^0000'<*OD©^ 
t^'^C^^Ot-'^C^OCO^^O 

• ••••••••••• 

Oi-iCO»OCOOOO(M'^»Ol^OaO 

,^ pH P-H l-H i-H i-H O) 



CO 0& (M >0 t- O CO < 

00 »0 eo o r- »0 (M ( 



• o oi »o l^ ^ 

> l> "^ ^ 00 CO 



0(M'^cot>-»i-icO'^«oaoOi-i 

»«H ^H l-H I— I I— I ^H (N 



I ^-^cO'^iot^ooQ'HCNcouicot- 

t^'««t<^00»0©^OI>'^i-<00»00^ 
• •••••••••••• 

»-iCOlOCOXO(NCO»Ot^OOp<M 



li5 



o»oda>ooooooa>oooo 
coot>-»ooia*cocoot*T*<^oo 

• •••••••••••a 

O^T»<»Ot^O>0(N'^COt^05^(N 



OOOOOOOOOOOOQ 

COOOOO^'<i<COOOO(N'*COOOO 

P^^,H^»-I0^C<©1©^(NC0 



231 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 

The following table (XX.) shows figures orbtained by the 
Author and other observers of the performances of econo- 
mizers : — 



TABLE XX. 



No. of Pipes 


Gas Temperature. 


Water Temperature 


Total Number 


per Boiler. 


Inlet. 


Outlet.! FaU. 


Inlet. Outlet. 


Rise. 


of Pipes. 


32 


600 


480 120 


1 
96 240 


144 


64 


80 


680 


290 1 290 


98 216 


117 


320 


72 


630 


620 1 110 


93 217 


124 


144 


76 


640 


460 


180 


90 226 


136 


224 


52 


670 


388 


182 


107 170 


f.63 


208 


72 


660 


360 


200 


64 204 


160 


72 



Average of a large number of economizers, including those 
above : — 

667 I 381 I 176 I 93 I 202 I 109 I 



The maximum recorded rise of feed temperature noted 
in one year's inspections of economizers by the Manchester 
Steam Users' Association, was 187° F., but higher figures are 
no doubt often obtained where boilers are more severely 
worked. 

Mr. M. Longridge has shown that the weight of feed 
water per hour multiplied by the temperature rise and 
divided by the square feet of economizer area, gave an 
average rate of heat transmission of 876 to 1,096 B.Th.U. 
per square foot per hour, whence he deduced that with an 
economizer surface equal to the boiler heating surface an 
average heat transmission of 1,000 to 1,300 B.Th.U. per 
hour per square foot may be looked for when i to 1 lb. of 
coal per hour is burned per square foot of boiler heating 
surface. 

The following table (XXI.) shows the general dimensions 
of the chamber space of economizers 6 to 10 pipes in width 
and up to 48 sections in length. The chamber below the 
bottom boxes should be 30 to 36 inches deep for soot and 
dust accumulation. One side of the economizer chamber 
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is made with a passage for the inspector. This passage 
must be closed at each end by deflectors or dampers, to 
prevent short circuit of the draught. No scrapers are 
needed if combustion is perfect, but ordinary furnaces 
produce much smoke, and soot rapidly settles on the pipes, 
and these sometimes become covered with a tenacious 
sticky tarry deposit. This can only be removed by burning 
oflF. To do this the economizer is run dry and the hot 
gases are passed through for several hours. This operation 
requires very careful carrying out, or the economizer may 
be overheated or injured. As with boilers, the dampers 
of an economizer are best of swivel type, thus preventing 
the large air leakage through the slot of slide dampers. 



For 4 pipes 
•• 6 „ 

„ 10 „ 



TABLE XXI. 

EooNOMizEB Chamber Space. 

Width of Chamber. 
. • . . 3 ft. 4 in. j 

4 „ 8 „ [if with side Deflectors, 
add 9 inches. 



No. of Sections or Rows 



Length of Economizer . 
No. of Sections or Rows 

Length of Economizer . 



6 „ „ I 

7 „ 4 „ J 



Lengths. 
8 ' 12 



16 



20 



24 



ft. in. I ft. in. I 
4 10 i 7 3 I 



ft. in. I ft. in. ' ft. in. 
9 8 12 1 I 14 6 



28 

ft. in. 
16 11 



32 

ft. in. 
19 4 



36 I 40 



48 



ft. in. I ft. in. I ft. in. 
21 9 I 24 2 I 29 



The presence of hard water in an economizer prevents 
the use of pipes other than straight in length or circular in 
section. No other pipes are rationally practicable. The 
rate of flow of water through the pipes only averages in 
usual conditions J inch per minute. When driven by 
electric motor, this should be enclosed. It is best to drive 
through a steel worm and phosphor bronze wheel in an 
oil bath. The speed of the shaft supplied with the econo- 
mizer is intended to be 55 per minute. 

233 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 

The Pure Water Economizer. 

In order to surmount the scale difficulty, it has been 
proposed to supply [pure soft water to a closed cycle 




I 

< 






economizer ,]jthe water being kept in movement by a pump 
and passed through a counter-current cooler, which is a 
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heater to the real feed. Thus water-heated, the feed 
water will deposit its Ume salts in a soft condition, and 
the economizer will always be free from scale and at full 
efficiency. 



Fully Heated Feed Water. 

Within recent years the advantages of fully heated 
have been better recognized, and in connexion with 
Cruse system 
of superheat 
control a sys- 
tem of feed 
heating to 
boiler tem- 
perature has 
been evolved. 
In the 
Cruse flue- 
fired super- 
heaters, for 
example, the 
feed water to- 
gether with 
water from 
the boiler it- 
self is circu- 
lated through 
a copper tube, 
which is car- 
ried in series 
through the 
tubes of the 
superheater 
placed behind 
a Lancashire 
boiler. 

When the 
superheater is 
of the sepa- 
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rately fired order (Figs. 73, 74, 75) the same through con- 
trolling pipe of hot water is employed, but the water does 
not come in this case from the boiler, but from the drums 
of a feed heater which is placed between the furnace and 
the superheater tubes to temper the excessive heat of the 




8tCTlONAt tkCVATlON AT A' B*. 



Fio. 75. Cboss Section and End View. 

furnace gases to a safe temperature for the superheater 
tubes. The fresh feed in this case is also mixed with the 
circulating water. In this way the water already hot is 
heated fully to boiler temperature, and it is found that 
very much larger boiler output can be secured. The pro- 
pelling agent which keeps the water in movement through 
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the tubes is superheated steam, which when it comes into 
contact with the water becomes at once saturated only, and, 
shrinking in bulk, gives a work eflfect as a result of the 
condensation of volume. 

Stage Heating. 

Correctly and best to utiUze practical conditions, 
the generation of steam must, like its use, be conducted 
in stages. Thus feed water is first heated by the exhaust 
steam from an engine either at atmospheric pressure or 
in a condenser at a lower temperature. Next it acquires 
further heat from the waste gases, and finally in. the case 
of the Cruse superheater it is heated fully up to the 
temperature of the boiler in the process of regulating the 
superheat of the steam. 

Even where this stage is not present it is well to heat 
the feed by steam from the boiler, so that the fidl tempera- 
ture of the boiler may be attained by the water before this 
is passed into the boiler. 

The advantage of this was first claimed by M. Normand, 
a French engineer. He claims an economy of 10 to 15 per 
cent, as the result of using steam from a boiler to heat the 
water going into that boiler. 

It is not as a rule worth while, when making steam 
engineering calculations, to take into consideration the varia- 
tion of specific heat. One pound of water raised through 1° F. 
represents very closely 1 thermal unit=l B.Th.U., and 
1 kilogramme heated 1° C. is closely equal to 1 calorie = 
1 cal. But for those who wish a closer figure the table XXII. 
of Regnault's values of the specific heat of water will be 
useful. Rowland considers water to have a specific heat= 1 
at 15° C. below which temperature it rises and attains to 
10056 at 5°C.,and falls to a minimum of 09956 at 29° C, 
when it rises slowly again above that temperature. Bartoli, 
and also Ludin, assume unity at 15° C, and show a rise at 
lower temperatures, a minimum of 0*9993 and 0*9988 at 
22° C. and 29° C. respectively. Mr. James Weir has heated 
feed water in the apparatus (Fig. 76) by means of steam 
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taken from the intermediate receiver of a compound engine 
after the steam has done some work in the h.p. cylinder. 
Mr. Weir aimed not merely at economy, but also at the 
thorough elimination of gases from the water. These gases 
are what produce corrosion in boilers. In the Weir heater 
they are drawn off at the top of the apparatus. Gases 
freshly occluded from water appear to have a peculiar effect 
in corrosion, owing probably to an active condition due to 
their nascent condition in the atomic form before molecular 

cohesion has taken 
Kg^wmdm^ place. Only by gas 

elimination can thin 
tube boilers be main- 
tained sound at sea. 

In Fig. 76 the Weii 
heater is shown to have 
a float which regulates 
the supply pump by 
means of a throttle 
valve, thus supplying 
water as the boiler fcjed 
pumpdrawsoff the store. 
The cold water enters 
as a spray, and meets 
the steam entering 
round the perforated 
casing. Auxiliary en- 
gines at sea may supply 
the steam, and the 
temperature of feed 
may be 212° F. in a closed heater. Thus, in an example 
cited where steam was taken from the receiver at a gauge 
pressure of 16-7 lb., the temperature being 218° F., water 
taken at 100° F. from the hot well was raised to 218° F. 
Since steam at the receiver pressure contains 1,080 B.Th.U., 
measured from 100° F., and the water acquires 118° of 
temperature, this represents nearly 1 1 per cent, of the total 
available heat of the steam. Thus the first cylinder of an 
engine is improved in efficiency, or the first two cylinders 
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if thjere is a third, for they have taken work out of the 
steam. Where there is no waste gas heater, there can be 
no question a^ to the economy of the Weir system, apart 
from its benefit in respect of corrosion. 

If auxiliary plant were always near to the main engines, 
and only required to run when these run, it is probable 
that greater economy would be secured by using in them 
throttled receiver steam and coupling them up to the main 
condenser. But they are often too far away for this, and 
must use boiler steam, in which case their exhausts can 
often be used in tubular feed heaters. Very much in the 
way of feed heating cannot be done by exhaust steam on 
its way to the condenser, simply because it so rapidly 
acquires condenser temperature. Only about 100° to 
120° F. can be secured, whereas, as already SQen, upwards of 
218° F. has been acquired by feed water heated from the 
receiver. In most cases the engineer will find he has more 
heat than he can utilize. There are both waste steam and 
waste gas, and it is of no use employing boiler steam to 
heat the feed water until after the economizer, if present, 
has done all that is possible. 

Surface or Tubular Feed Heaters. 

The^e, of course, find their principal employment where 
non-condensing engines are at work. They all consist of 
tubes variously arranged and exposed on the inner surfaces 
to exhaust ^team or vice versa, or, when necessary, to boiler 
steam more or less throttled if so required. 

In the Row heater (Fig. 77) the tubes are indented as 
though rolled two ways through a cogged roller. The 
obstructed irregular passage through the tubes compels 
turbulent movement of the water, and it is claimed that 
in a test with steam at 62 lb. pressure, a Row tube raised 
11 gallons of water to 212° F. in 6 J minutes, whereas a 
similar but plain tube required twice that time. Similarly 
2 J gallons were evaporated in llf and 24 minutes respect- 
ively. Apparently the indented surface is doubly as 
efficient as plain surface. 
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This form of tube is also advocated for condenser pur- 
poses and for cooling surface likewise. 




Fio. 77. Row Feed Heateb. 



The Berryman Heater. 



This heater (Fig. 78) is a long-estabUshed form of heater 
with inverted f\ tubes of various lengths suitably expanded 
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into a double chamber base. 
Steam prasses through the 
tubes and water rises from be- 
low and is taken oflF below the 
scum and air trap, which should 
have an escape or blow-oflF tap. 
The tubes are free to expand 
without stress, and the crown 
can be taken off and the tubes 
cleared of scale. The heating 
power of exhaust steam is very- 
great. One pound contains 967 
B.Th.U. above 212° F., so that 
it will heat to 212° F. 6 lb. of 
water supplied at 51° F. Obvi- 
ously, therefore, a non-condens- 
ing engine will heat the feed of 
many times its own power of 
engines to 212° under ordinary- 
conditions, and a wasteful direct 
steam pump will heat feed water 
for quite large main engines from 
the usual hot well temperature 
to a good high-feed tempera- 
ture. 




Fio. 78. Bebbyman Heater. 



TABLE XXII. 
Specific Heat of Water (Reonault). 



Temp. 


Sp. Heat. 


Temp. 


Sp. Heat. 


0°C=32°F 


1.0000 


110°C = 230°F 


1-0153 


10''= 60° 


1-0005 


120° = 248° 


1-0177 


20°= 68° 


10012 


130° = 266° 


1-0204 


30°= 86° 


1-0020 


140° = 284° 


1-0232 


40°= 104° 


1-0030 


150° = 302° 


1-0262 


60°= 122° 


1-0042 


160° = 320° 


1-0294 


60°= 140° 


1-0066 1 


170° = 338° 


1-0328 


70°= 168° 


1-0072 


180° = 366° 


1-0364 


80° = 176° 


1-0098 1 


190° = 374° 


1-0401 


90°= 194° 


1-0109 


200° = 392° 


1-0440 


100° = 212° 


1-0130 , 
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WATER SOFTENING AND TREATMENT 

The specific heat of water is taken as 100 at 0° C. = 32^ F. 
The table XXII. gives Regnault's figures, which are probably 
not far wrong. Some observers, however, give figures less 
than unity above 0° C. In either case the variation in the 
specific heat is of no consequence to the engineer. 

Similarly water does not vary very much in bulk with 
variation of temperature, as shown by the following table 
(XXIII.) of weight per cubic foot in lb. 







TABT.Fi 
Expansion 


XXIII. 
OF Water 






Temp. 


Weight. 


Temp. 


Weight. 


Temp. 


Weight. 


212°F 

260° 

300° 

102° 


69-71 
58-81 
67-26 

62-00 


350°F 

400° 

460 

168° 


66-52 
63-64 
60-66 

61-00 


500°F 
j 600° 

1 

62° 
' 203° 


49-61 
47-62 

62-2786 
60-00 



Up to boiling point in the open air, therefore, the ex- 
pansion is under 5 per cent, of the bulk at 62° F. 

The maximum density of water is at 4° C. = 39* 1° F. 
To melt 1 lb. of ice at 32° F. to water at 32° F. requires 
142B.Th.U.= 35-78 calories per pound or 78-86 calories 
per kilogramme. To evaporate 1 lb. of water at 212°. F. 
into steam at 212° F. requires 965*7 B.Th.U. 

The imperial gallon of pure distiUed water at 62° F. 
weighs 10 lb. by law, and measures 277-479 cubic inches. 
The American gallon is the old wine gallon of 8 J lb., and 
measures 231 cubic inches. It is important to remember 
this, for on one occasion known to the Author a smart 
American salesman sold locomotives to a colonial Govern- 
ment on the strength of the greater capacity of their tender 
tanks, whereas the rival English engines were of consider- 
ably greater capacity. 

Tray Feed Heaters. 

Under the head of " Water Softening," reference has 
already been made to the Chevalet-Boby heater detartarizer. 
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Similar eflfects in softening are obtained by allowing the 
feed water to enter a boiler by way of a number of shallow 
overflow trays. By this means feed heating and scale 
deposit are effected in the trays, and this is better than 
direct flow of cold water into a boiler. The trays catch 
the lime salts as they are caused to separate by heat and 
adhere to them. The trays shoidd be in duplicate and 
easily removable. As soon as removed, and while still wet 
and soft, the scale can be easily knocked off. To throw 
down sulphate of lime a little carbonate of soda is used in 
the feed. 

The Cochrane heater is also a combination heater and 
purifier, steam from an engine entering through an oil 
separator and passing upwards between the trays, over 
which the water is trickled. The heated water passes 
through a coke filter below, and this arrests the last of the 
deposit. It is claimed for all these various purifier heaters 
that the oil not removed by the mechanical separator is 
absorbed by the scale deposit which adheres to the trays. 

Needless to say, these contact heaters are far more 
efficient per unit of space occupied than are surf ace Jteaters. 
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CHAPTER XXV 

THE PRACTICAL APPLICATION OF 
STAGE HEATING IN THE GENERATION OF STEAM 

IN order more fully to illustrate what the Author considers 
to be the correct principles of steam engineering and 
the particular relation of the feed-heating stages to the 
general scheme of the heating of the working fluid of the 
steam engine, he has selected the accompan3dng iUustrations 
of the " Cruse " or " Quad " boiler because they show as 
much as it is possible in one combined apparatus each stage 
into which practical considerations make it economically 
necessary to divide the whole operation of steam making. 

The iUustrations represent a " Cruse " straight-tube three 
drums boiler, combined with a double-tube economizer, a 
feed reheater and purifier, and a controllable superheater. 

The feed water, abeady heated to 90° F. or 100° F., whether 
because it comes from a surface condenser, or has been 
heated by an injector, is passed into the inter-circulating 
double-tube economizer, which is placed in the path of 
the waste gases from the boiler. The practical necessity of 
feeding an economizer with warmed water has been explained 
when dealing with economizers. In this economizer the 
water acquires what heat it can obtain from the nominally 
waste gases ; it is fed into the bottom and rises from the 
top box to the upper side of the feed-reheating drums, 
which it enters through the inlet valve and falls in jets or 
in broken sheets from a perforated pipe upon the series of 
perforated plates forming a shed, the perforations being in 
the vertical parts of the plates. Inside the space enclosed 
by these plates, steam is admitted from the boiler to act 
upon the broken sheets, or the spray of falling water, and 
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the feed water is thus raised to the fuU temperature of the 
boiler. The steam space in this feed-heater drum is in free 
communication with the steam space of the drums of the 
boiler, and is, therefore, continuously supplied with all the 
steam necessary to make up that which disappears by the 
condensation resulting from contact with the feed water ; 
the water space of this drum is likewise in open communica- 
tion with the water space of the drums of the boiler, and 
thus the boiler proper, being fed with water at the full 
temperature of the working pressure, is free to perform 
only its proper duty of evaporation. 

The saturated steam generated in the boiler passes from 
the steam and water drums into the two saturated steam 
domes, whence it is led to the 15-inch collector, from which 
it is distributed to the various sections of the superheater. 
This superheater should theoretically be next to the furnace, 
but the limited endurance of steel compels here a departure 
from mere theory, and the superheater tubes are therefore 
placed behind the first bank of the heating tubes in a zone 
of temperature which they can endure. This superheater 
internally is fitted with water-control tubes, through which 
a stream of water is propelled by a superheated steam 
inspirator. The water is drawn from the front drum of 
the boiler and delivered through the control tubes to the 
back drum, acquiring heat on its way from the heating 
gases and through the steam which is being superheated. 
This control system not only governs the temperature of 
superheat within a narrow range, but serves to protect the 
superheater tubes also, and this more especially when steam 
ceases to be drawn through the superheater for power, for 
then the flowing water continues to absorb and carry oflf 
heat, abstracting it from and through the superheating tube 
shells, while it also compels some steam to flow through the 
'Superheater tubes and uses this flow to maintain its own 
active circulation, the two effects combining to avert over- 
heating of the superheater tube metals. 

By the combination of the four distinct sections or 
elements which go to make up this " Quadriunial " boiler, 
the stage production of steam is carried out as nearly upon 
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correctly scientific lines as practical considerations enable 
it to be done ; that is to say, the furnace heat at maximum 
temperature is applied to the working fluid at maximum 
temperature, and this maximum temperature is first acquired 
by the water as far as possible from heat that would other- 
wise be wasted. 

Large downcomer pipes, external to the boiler casing, 
ensure perfect and regular circulation, and large equalizer 
pipes, also external to the boiler casing, maintain the wat'Cr 
level of the two drums equal throughout. 

Any section of the superheater can be cut out and its 
four connexions blank flanged ; if necessary, the whole 
superheater can be lifted out between the top saturated 
steam domes and, the four main connexions having been 
blank flanged, the boiler can be worked without the super- 
heater. 

The boiler as illustrated is the first complete and self- 
contained combination of apparatus for the production and 
superheating of steam on the lines of stage heating recog- 
nized as correct, each stage taking place in a separate 
vessel. This boiler therefore represents the most perfect 
practice in steam generation hitherto evolved. The only 
departures from strict theory are in such points as the 
limitation of the capacity of endurance of materials renders 
necessary. 

A notable feature in the boiler proper is that aU the 
downward circulation of the water takes place in large 
downcomer pipes outside the external casing and the up* 
ward circulation takes place entirely by the small heated 
tubes which are all at right angles to the furnace and face 
the direction of flow of the gases from the furnace. 

The following is abstracted from Mr. Cruse's own account 
of the combination patented by him and embracing the four 
main stages of steam generation in one seating or enclosed 
space. 

The " Quad " superheated steam generator combines in 
one compact enclosure the four integrants of the process of 
steam generation. 
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Fig. 79. Cboss Section (Ekilarged Scale). 
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1. An inter-circulating tubular feed-water heater or 
** Economizer." 

2. A cylindrical steam-heated feed-water re-heater and 
purifier or " Hypertherm." 

3. A vertical straight tube boiler or " Evaporator." 

4. A water-tube-controUed steam superheater. 

These units form the four progressive stages into which 
practical steam raising is divided, and each unit works 
independently of, although correlatively with, the others. 

The " Economizer " is constructed of seamless steel tubes, 
each containing a smaUer internal tube, open top and 
bottom ; this allows of a rapid and constant internal 
circulation in each tube, combined with the general forward 
movement of the mass. The tube plates and dishes forming 
the top and bottom boxes are of wrought steel. The inter- 
circulating action adds to the efficiency of this class of 
apparatus and minimizes corrosion, llie feed from the 
condensers is fed into the bottom boxes, and leaves the 
top boxes much raised in temperature and travels to the 
re-heater drum above. 

The re-heater or " Hypertherm " is a rivetted steel drum, 
provided with a cast-iron perforated water-distributor pipe 
and shed in the steam space, and with a perforated water- 
collector pipe in the water space. It has a large mud 
pocket and blow-off pipe, and steel steam-inlet blocks and 
pipes and steel water-outlet blocks and pii)e8, connecting 
it respectively to the steam and water spaces of the boiler 
drums. The feed water from the economizer enters through 
the valve at top at economizer temperature, and leaves for 
the boiler drum by the pipes at bottom at boiler-pressure 
temperature. 

lie boiler proper or " Evaporator " is composed of two 
top, or steam and water, drums and one large, or two small, 
bottom water drums. The drums are interconnected by 
small seamless steel heating tubes and by large seamless 
steel downcomer and equalizer pipes. The large down- 
comer and water-level equalizer pipes are aU outside the 
boiler casing, and are connected to the drums by rivetted 
blocks. The small heating tubes are straight and are simply 
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expanded, or. they may be staved at each end and screwed 
and expanded into specially rolled and shaped concave 
steel-tube plates rivetted to the drum shells in the form of 
butt straps. The tubes are not directly expanded into the 
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Fig. 80. Section Thbough Fubnace. 
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drum shell, but the corresponding holes in the drum shell 
are bored to a larger diameter to allow the tuTbe ends to be 
bell-mouthed over the counter-sunk shoulder formed on the 
butt strap. These tube plates are exceptionally strong, and 
in addition to permitting the use of straight tubes entering 
non-radial to the drum, without the necessity of departing 
from the cylindrical form of the shell, they strengthen the 
shell plate at its weakest section, i.e. where it is drilled for 
the admission of the tube ends. 

The top drums are, for water-tube boilers, exceptionally 
large ; the containing capacity of the combined steam 
spaces equals, approximately, 600 cubic feet ; while the 
water spaces, from working level to above the Une of the 
tube ends, give a water-storage capacity equal to one and 
a half hour's evaporative duty — 30,000 lb. 

The top drums are surmounted by two longitudinal 
rivetted steam drums or domes, with safety valves and 
outlet branches to the superheater collector ; the steam is 
drawn at mid height of the domes, and thus an ample 
steam-separating or anti-priming chamber is formed, the 
entrained water being allowed to fall and return to the 
main drums. 

The superheater is a form of the Cruse controllable type, 
and is made up of a number of elements assembled fore and 
aft by means of the saturated or inlet steam collector and 
the superheated or outlet steam collector pipes. The con- 
trol water system is connected to the front drum by the 
front-water collector and, through each element, by the 
back-water collector to the back drum. The control, or 
government of the temperature of superheat, is maintained 
and adjusted by means of the superheated steam inspirators 
at each end of the front-water collector. This water-tube 
controlling system may also be connected to the feed-heater 
drum, to the economizer, or direct to the condenser. The 
front or superheated steam collector carries a safety valve 
and necessary outlet blocks. 

This boiler is provided with all necessary safety and stop 
valves, water-level valves and steam and water-level indi- 
cators, pressure gauges, blow-oflF pipes and cocks, drain 
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pipes, etc. ; with stanchions and girders and with ordinary 
furnace bars, or with special mechanical stokers. 




Fig. 81. Plan (Enlarged Scale). 
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The boiler illustrated has an evaporative capacity of 
20,000 lb. of water per hour, rated from and at 212'' F. ; 
from feed water at 100® F. into steam at 160 lb. working 
pressure, superheated 200° F.,the fuel being North-Country 
coal of a calorific value equal to 14,000 B.Th.U. per pound, 
the guaranteed coal efl&ciency being 75 per cent. 

Ground space covered by this generator : — 

Length : from outside furnace mouth to damper at back 
—22 ft. 

Width : over drums — 19 ft. 

Gangway — 3 ft. 

Height : 28 ft. from firing floor. 

From the foregoing details and the illustrations it will be 
found that the process of steam manufacture on scientific 
lines can be carried out with an apparatus constructed 
within a small space, yet readily accessible. Steam raising 
is seen to be an operation involving a good deal of judgment 
in regard to the means to be employed, and no inconsidered 
compromise between narrow theoretical views and practical 
conditions. Thus the dictum of theory is that all heat 
ought to be appUed at the top temperature ; but, in the 
first place, it is not practicable to employ a working fluid 
so hot as the source of heat ; and, secondly, it is not 
practical to throw away low-temperature heat. Hence the 
system of stage heating, as here illustrated, as a scientific 
compromise of many conflicting elements. 
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CHAPTER XXVI 
WATER COOLING 

UNLESS a river, or a canal or a large pond is available 
for condensing purposes artificial means must be 
employed to reduce the temperature of condensing water to 
a point suflBciently low for efficient use in condensing 
apparatus. 

The ordinary methods of cooling are four in number, 
viz : — 

(a) The pond ; (6) the atmospheric evaporative surface •, 
(c) the tower ; (d) the spray apparatus. 

Whatever system of cooling is employed all depend on 
the principle of rendering heat latent by assisting the evapor- 
ation of part of the water to be cooled by means of the 
absorptive power of air. Each pound of water which is 
carried oflF as vapour by a current of air bears with it 966 
units of heat in latent form apart from any sensible heat 
acquired by the air as a result of its contact with the warm 
water. 

In the annexed table (XXIV.) are given some figures 
relative to the moisture carrying properties of air. 

The actual amount of water that it is possible to absorb 
varies with the amount of dryness of the air, and in misty 
weather, when most required in many cases, a cooler loses 
much of its efficiency from this fact. 

If it be €tS8umed, as above, that air will carry off 6 per 
cent, of its weight of moisture, then 100 lb. or 1,300 cubic 
feet of air should carry off about 6,000 heat units. Pans 
must be provided to supply 300 cubic feet of air or^23 lb. 
for each pound of steam, whence the Author's rough rule 
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WATER COOLING 

that the weight of air is to be equal to the weight of circu- 
lating water under ordinary general conditions. 

But it must not be assumed that the air commences dry. 
Possibly it starts with 2 per cent, of moisture and escapes, 
say, with 4 per cent, instead of 6 per cent. Then, in place 
of 23 lb., or say 24 lb. of air per pound of steam, the weight 

5 4 
required would be 24 x - x - = 60 lb. 

As a fact no calculation ought to be based on the amount 
of circulation water unless it be the general size of the tower. 
The essential fact is the number of thermal imits in the 
exhaust steam, which may be assumed as 1,000 units per 
pound and in the long run it is this heat that has to be carried 
off by the air. If always thermal units alone are considered, 
it will greatly simplify calculations and place each calculated 
item of air, cooling water, etc., by itself, independent of the 
other variables. Practically one might say that the air 
passed through a cooling tower must carry off half the heat 
of the coal burned in the furnaces. 

After a calculation has been made on the estimated capa- 
city of the plant with a given weight of air, something like 10 
per cent, should be allowed as a margin for imperfect satura- 
tion of the air and there should be a margin of fan speed 
available in case of poor conditions. Thus, in round numbers, 
26 lb. of air may be provided per pound of feed water and 
the power to lift this air to the top of the cooler will be 
double that necessary to lift the water, except that actually 
the air is expanded and lifted by the heat of the descending 
water and the fan power provides what is necessary to add 
to the natural velocity and to overcome the downward 
tendency induced in the air by the down-flowing water. 

For practical purposes, 13 cubic feet of air may be taken 
as weighing 1 lb. at the ordinary mean temperature in this 
country. 

Only by a counter-current system can the full effect of the 
hygroscopic quality of air be utilized, but under cooling- 
tower conditions it should be possible to discharge the cool- 
ing air fully saturated at the temperature of the entering 
water. 
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The Pond. 

The esBentials of a pond are such a capacity and such an 
area as will suffice to cool the water to a sufficiently low 
temperature before the whole mass of water has made a 
complete circuit of the pond and condenser. Preferably, 
the pond must be below the condenser so as not to call for 
too heavy a lift on the air pump if this is part of a jet con- 
denser. With a surface condenser the circulating pump 
should be part of a closed circuit with the condenser, the 
indraught and discharge pipes both extending below the 
water surface, so that the work of the pump is merely fric- 
tional. A good jet condenser will lift its own injection water 
17 or 20 feet from the pond by the " vacuum " only. 

Mr. Barker^ found that with the most unfavourable 
conditions of atmosphere and location the cooling of water 
in a pond may be as low as 190B.Th.U. per square foot per 
hour, even with high-surface temperature of the water, but 
with better exposure and the same atmospheric conditions 
as many as 290 B.Th.U. will be dissipated. Under favour- 
able conditions the dissipation of heat will reach 600 B.Th.U. 
per square foot per hour. 

Hence it is concluded that a reservoir should have 18 
square feet of surface per 10,000 thermal units per hour. 
Thus, an engine of 1,000 h.p., using 12 lb. of steam per hoiir 
per h.p., will reject about 1,000 x 12 x 1,100 heat units 
per hour = 13,200,000 units, requiring an area of 23,760 
square feet of cooling-pond surface, equivalent to a pond 
about 50 yards square. Obviously, the area of a pond must 
be thus calculated from the weight of feed water and not 
from the engine horse-power, since so much depends on the 
economy of the engine. 

The above is a minimum value. For margin it would be 
well to allow 2 square feet per 1,000 B.Th.U. to be dispersed. 

Nor should the capacity be less than 10 cubic feet for the 
same 1,000 thermal units. This implies a pond about 5 feet 
deep, but there is no higher limit of depth so long as the 
surface is maintained. 

* Mine, of Proc. I.C.E,, vol. cxxxiL pt. 2. 
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In order that there shall be no short circuit of the hot 
water, baffle walls are built, round or over and under which 
the water must travel on its path back again to the con- 
denser. 

The temperature of the water has a great effect on the 
rate of cooling and an increase of mean temperature by 
17° F.has been observed to increase the rate of cooling by 
41 per cent. 

In still air the evaporation being called unity, was found 
by Dr. Dalton to become 1-28 for a gentle wind and 1-57 for a 
brisk wind. The water-laden character of the air will affect 
cooling and a dry though warm air will readily produce a 
better cooling effect than a cold but moist atmosphere. 

Obviously by the law of mixed vapours moisture will 
rise from a water surface and permeate the space above it 
to just such proportion as is due to the temperature of the 
water surface and to the amount by which the air above is 
wanting in moisture. 

Cooling is a double effect of radiation and evaporation or 
air absorption. The air also abstracts heat by actual con- 
duction. Not much heat is lost through the earth bottom 
of a pond. 

A puddled reservoir, says Mr. Barker, will cost from 1 Jd, 
to 2d. per cubic foot capacity, an average of four costing 
1-7 Id. The cost will be less where excavated material 
is run into banks, for this saves half the excavation and 
probably three-fourths of the spoil wheeling for an equal 
capacity. 

A reservoir of 19,143 square feet area and a capacity of 
127,000 cubic feet cost £920. 

Concreted reservoirs cost from 2«2d. to 4«2d., or an average 
of 3'2d. per cubic foot. 

The cheapest pond is, of course, that dug entirely in clay 
and banked with the excavated material. The bank should 
preferably be pitched with stone pitching on edge or brick 
on edge, and the top and outer slope grass sown. 

The capacity of the bank should be calculated exactly to 
absorb the material excavated. 

The inner slope should be flat — about two to one. The 
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top of the bank need not be wider than necessary for a path 
and the sodded outer slope may be one in one for so un- 
important a pond as a shallow reservoir, especially where 
half dug out of the solid. 

The Atmospheric Evaporator. 

Next to the pond comes the atmospheric evaporator. 
Primitive examples of these have existed for a long time in 
the shape of stacks of branches over which the water to be 
cooled was discharged and cooled by the wind before enter- 
ing a perhaps too small pond. Similarly it is customary to 
compel the hot water to make a circuit of the pond in shallow 
wooden troughs before it re-enters the pond. The rapid 
rippling assists cooling. 

The modem evaporative cooler is built up of clusters of 
thin pine boards, nailed vertically and suspended from 
cross-pieces and fed on their upper edges from a system of 
troughs, which again took the drippings from an upper set 
of vertical boards similarly suspended but turned 90° in 
plan from those below, so as to give an equal exposure on 
the average to every wind. Each of the sets of boards is 
about 9 feet in height, the total height of an apparatus being 
about 26 feet above the sxirf ace of the collecting tank below. 
With ample surface the water may be cooled below the 
temperature of the passing air. An outside open wall of 
louvre boards is sometimes arranged to prevent spray being 
blown away. The ground space for such an apparatus 
capable of cooling 30,000 gallons per hour is 1,200 square 
feet and a height of 13 feet would be sufficient. 

Mr. Koppel allows an area of 208 feet for 2,000 gallons, 
738 feet for 20,000 gallons and 2,520 feet for 100,000 gallons 
per hour, but in his apparatus the drizzling boards are 
horizontal. 

Tower Coolers. 

The next development of artificial cooling is the tower, 
built to act as an up-cast chimney around the foregoing 
apparatus. 
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Vtipotir outlet 



The chimney effect depends on temperature, and is thus 
more eflScient as temperature rises and needs better cooling. 
The closed-in wooden tower above the cooling stacks in Fig. 
82 provides the chimney effect and the capacity is stated to 
be 2,000 gallons per hour cooled above a floor space 8 feet x 
8 feet, with a total height 
of 46 feet. I 

It should be remembered 
in regard to cooling towers 
that though their object is 
to cool water, the immediate 
object to be aimed at is the 
saturation of air with mois- 
ture, so that the aim should 
be to split up the air in its 
passage and introduce it to 
the maximum area of wet 
surface. Obviously cooling 
can only occur where suffi- 
cient weight of air is provided 
to carry off heat, and the 
hotter the air is made the 
more heat it will carry off. 
Hence the propriety of the 
air leaving at the entry of 
the water, so as to attain a 
maximum temperatxire and 
absorb a maximum of mois- 
ture. 

In the tower of Doherty & 
Donat of Manchester, wood- 
en-incUned horizontally laid 
battens are employed, the 
water dripping from layer to 
layer of these through the up-current of air. Tests made at 
Birkenhead with this tower showed a vacuum of 26-9 inches, 
and cooling from 95-6° F. to 66-6° F. The air which passed 
through attained a humidity of 92-6 per cent, of saturation, 
the air having an initial temperature of 44-7°. 
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Generally any construction of tower can be obtained, 
either fan-cooled or chimney-cooled. 

In the chimney cooler, as shown in Fig. 82, the bolter the 
water the greater will be the up-draught, and so far a sort 
of automatic regulation is provided, but since the draogfat 
depends on difference of temperature, the cooling effect 
cannot be so great as in an open apparatus freely exposed 
to a horizontal breeze. Nevertheless, the tower is more 
generally good for all conditions. 

The dimensions of these towers for four capacities are as 
follows : — 

2,000 gallona per hour. Height, 46 ft. Floor Space, 8 ft. x 8ft. 

20.000 „ „ „ 57,. „ „ 19 ft. X 19ft. 

100,000 „ „ „ 66,. „ „ 58 ft. X 24ft. 

300,000 „ ,. ., 80 „ „ „ 164 ft. X 24ft. 

These tower coolers are large and heavy affairs and must 
have good foundations and be calculated to stand a wind 
pressure, if exposed, of 30 lb. per square foot. 

They throw off huge volumes of steam and wet air and 
ought to be well away from buildings, which will be seriously 
damaged by the discharge. 

Though wooden towers are cheaper, those of iron are 
more durable. 

A natural draught tower standing on a total floor space 
30 feet square, will cool the water necessary to condense 
30,000 lb. of steam per hour if provided with earthenware- 
pipe filling. A fan tower of equal capacity would occupy a 
space 25 ft. 6 in. x 24 ft. With a filling of split-metal tubes 
the floor space for these two towers would be reduced to 
26 ft. X 26 ft. and 18 ft. x 16 ft. 6 in. respectively. As 
stated later, English practice may require more liberal 
design. 

Fan Cooling Towers. 

To ensure greater certainty of effect towers are often 
made lower and air is forced through them by fans. They 
do not depend on temperature for their effect, but of course 
they require power to drive the fans. Apart from the fan 
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draught they can be filled with the same drizzling boards as 
some of the wooden towers. They are, however, often 
filled with galvanized woven steel mats, with short drain 
tiles on end or with short lengths of interlaced split-steel 
pipes. The object is to divide and turn over the descending 
water repeatedly and continually in its descent through 
the rising air. 

Mr. Koppel's figures for ground space occupied by a fan 
tower are 11 ft. x 13 ft. for 20,000 gallons per hour and 
18 ft. X 24 ft. for 100,000 
gallons. He gives the brake j 

horse-power of the fan 
motors as 2 for a capacity 
of 6,000 gallons of water 
cooled per hour ; 6 b.h.p. 
for 20,000 gallons and 26 
b.h.p. for 100,000 gallons. 
Towers of concrete have 
been built, one at Nurem- 
berg being named which 
cools 77,000 gallons per 
hour. 

Figs. 83 and 84 show two 
forms of fan tower : the 
" Barnard " (Fig. 83) with 
wire-mat filling, and the 
" Worthington " (Fig. 84) 
with drain tiles, over which 
the water is distributed by 
a Barker's mill. 

It will not usually pay to use fan towers where there is 
room for natural draught towers to stand. 

The Barnard Tower, — In the Barnard tower wire mats are 
slung inside. This tower may be either of the chimney or 
fan type. The chimney type is made as high as 70 or 100 
feet, in iron, and circular in plan or rectangular. The fan 
cooler, of course, may be of more moderate total height. 
The chimney cooler will reduce temperature from, say, 130° 
to 85° or 90°. The fan cooler will do more. The inside 
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dJmenjiioQii of Baniard fan-eooled towers are each as to mikm 
a)>out 350 cubic feet capacity per 1,000 gaDoos per boor, a 
2,000 lb. tower mea8uring 4 ft. 3 in. x 5 ft. 2 in. x 31 ft. 
3 in. ; one of 10,000 gallons 9 ft. 3 in. x 10 ft. 11 in. x 
36 ft. 3 in., and one of 30,000 gallons 16 ft. 3 in. x 14 ft. 
2 in. X 41 ft. 4 in. Fanless towers are of course of greater 

capacity, a circular tower few 
2,000 lb. steam per hour being 
8 ft. diameter x 21 ft. 2 in. 
high from water-inlet] lerri to 
top of foundation ; a 10,00O> 
gallon tower measuring 15 ft. 
diameter x 26 ft. 5 in. high, and 
one of 25,000 gallons 21 ft. 3 in. 
diameter x 31 ft. 7 in. high ; 
dimensions representing from 
500 cubic feet for the smaller 
sizes, to 450 cubic feet for the 
larger sizes. The fanless towers 
have of course their chimney 
height in addition to the above 
heights, which are all measured 
from the water inlet, and show 
the capacity occupied by the 
steel mats. 

As regards all forms of coolers, 
it may be assumed that the 
power necessary to pump the 
water over the tower is double 
in brake horse-power the actual 
Via. 81. WoBTKnfOTON TowKB. foot pounds of work done in 

lifting the water through the 
height of the water distribution above the pump. The 
power to drive the fans, as previously explained, is about 
the same as is required to lift the circulating water, for the 
amount of air to be moved is very large. 

From experiments made by Mr. J. H. Vail,^ it appears 
thai in a given case, where non-condensing engines used 
* Trant, Am. Soc, M.E., vol. xx, 
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116,687 lb. of water per hour, it was decided to add a con- 
denser and tower. The tower selected was a twin Barnard 
tower, each half 12 ft. 3 in. x 18 ft. x 29 ft. 6 in. high, with 
two fans. The steel plating was y\ in. and \ in. with angle 
stiffeners. Water was delivered by a 10-inch pipe, extend- 
ing fuU length of the apparatus, slotted and provided with 
96 distributing pipes. There were 42 mats of No. 19 
galvanized wire woven to No. 6 mesh and each mat was 
15 ft. 6 in. X 12 ft., and hung vertically. The surface is 
called 8,064 feet. It appears to be 7,812 x 2 = 16,624 
as mere surface, not measuring it on the wires them- 
selves. 

The four fans were 8 feet diameter, each equal at 160 revs, 
to delivering 90,000 cubic feet per minute, or say, 7,000 lb. 
= 28,000 lb. in all. 

The rated capacity of each chamber per hour is 12,600 lb. 
of steam from 132° F. to 80** F. when the atmospheric 
temperature was not over 76° F. and the humidity not over 
86 per cent. Under these circumstances 28,000 lb. of air 
per minute is provided for 26,000 lb. of steam per hour, so 
that approximately 1 lb. of air is provided per minute for 
each pound of steam per hour. Put another way, the 
26,000 lb. of steam bring about 26,000,000 thermal units, or 
say 400,000 units per minute. This shows 1 lb. of air 
per 14 heat units, or say 1 cubic foot of air per heat imit. 

Previous figures show that 1 cubic foot of air may carry 
oif as many as 4 heat units. 

Cooling is not a matter of heating air merely, for 1 lb. 
of air heated 100° F. will only absorb about 24 heat 
units, or say 2 imits per cubic foot. It is the power of 
carrying off heat in a latent form as vapour that adds to 
the cooling effect of air. Thus, where 1 lb. of air carries off 
^\)lb. of vapour, the heat absorbed is ^^ of 1,000, or roughly 
60 units. That is to say, 1 cubic foot carries off about 4 units 
besides the extra 1 to 2 units due and carried off by it in 
rise of temperature. 

Mr. Vail's test figures are as follows : — 
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Time .... 
AtrnoHphcric tempera- 
ture 

(Umdetwer discharge . 
Condefuier suction 
TeiiiiKTature reduction 
Fan-H|>eed revs, fier 

min 

Conden8er vacuum 
Strokes of air ptunp . 



Jmn.21. 


Feb. 

8 p.m 


Jiin«20. 


July. 


Aiig.3S.X4yr. 4. 


9 p.m. 


. 8 pjm. 


8 p.m 


8 p.m. 


5.35 


30° 


36° 


78° 


96° 


65» 


59° 


110" 


110° 


120° 


130° 


118=* 


129° 


65** 


84° 


84° 


93° 


; 88° 


92° 


45" 


26° 


36° 


37° 


so- 


37° 


36 





145 


162 


ldo 


148 


25i 


26 


25 


24J 


251 


25 


30 


30 


37 


44 


43 


28 



On one occasion the plant was worked fourteen horns in 
an atmospheric temperature between 83° F. and 103° F. 
The condenser discharge varied between 106° and 128°, the 
suction from 91° to 98° F. The average fan speed was 150 
r.p.m. and the vacuum varied between 20 in. and 26 in., 
with the air pump running 38 to 50 strokes. 

The power developed varied between 400 and 900 ih.p. 

In the month of November a 25-inch vacuum gave out of 
a total of 643-3 h.p., no less than 185 i.h.p. below the 
atmospheric line, so that allowing for previous back pressure 
at least 200 h.p. must have come from the condenser. It 
required 13-75 h.p. to drive the air pump ; 13-5 h.p. to 
drive the fan, showing a balance of 173 h.p. from the plant 
to pay for interest and depreciation, etc. 

It may be added that since cooling towers have been rated 
largely on American experience with air considerably dryer 
and therefore more refrigerative than is the case in England 
they will not, for a given size, give equal results in moister 
ch'mates, and engineers should calculate them not on what 
has been done elsewhere, but on the basis of the conditions 
under which they will have to work and on a basis of thermal 
unit capacity throughout. 

It is open to be assumed that in foggy weather, the air 
being sometimes fully saturated with moisture, there can 
be little cooling effect by the air upon warm water, either 
in a tower or otherwise. This superficial view, however, 
ignores the facts in the above table. Far more moisture is 
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required to saturate air when warm than when cold, and the 
mere fact of raising the temperature of the air in its passage 
by so much hot water is enough largely to increase its 
capacity for moisture. 

Further, periods of fog, more especially perhaps in the 
south-east of England, are periods of low temperature. A 
London fog is very usually accompanied by frost. The 
atmosphere, it is true, is saturated with moisture at such 
times, but it is also true that not very much moisture is 
suflScient to do this. There is therefore no need to fear 
the serious failure of a cooling tower during fog. It is, how- 
ever, desirable, in the case of large towers, to divide the fan 
equipment into two, three, or even more separate items, in 
order that the amount of air blown may be regulated. The 
fans are merely air propellers, serving to move a large volume 
of air against a low resistance. 

Spraying Nozzles. 

Spraying nozzles are small gun-metal nozzles fitted inside 
with little loose spirals of flat sheet brass or with a screw of 
the form shown in Fig. 86, which is that of Ledward & Co. 

These nozzles are fitted in large num- 
bers on a length or lengths of pipe at 
any height above ground. The air-pump 
or circulating-pump discharge escapes 
through them and is flung into the air 
with a whirling motion which causes it to 
break up into spray. The pressure must 
not be too great, or too much resistance 
will be thrown on the pump. A head of 
10 feet is considered suitable, and the 
annexed table (XXV.) gives the output at 
that pressure. Sprayers must be used 
with judgment and cannot be placed 
high when near other property, as the 
wind carries the spray and causes a public 
nuisance. In such cases they must be placed low and may 
be arranged over an area of concreted floor sloped to drain 
the water back to the suction point. It is not necessary 
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to work them by the air pump. They can of course be 
worked by their own special pump, and where water is 
scarce and space insufficient sprayers may be run by a 
small electrically driven pump to keep water in circulation 
constantly, cooling it down during hours of light load. 





TA 

SPRy 

Diameter 

of 
Orifice. 


.BLE XXV. 
V.YER Output. 


No. 


Diameter of 
Supply 
Pipe. 


Approximate Discharge' 

per hour imder 10 ft 

head gallons. 


1 
2 
3 
4 


tin. 
im. 
|in. 
lin. 


Jin. 
lin. 
IJin. 
2 in. 


90 

350 

800 

1400 
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CHAPTER XXVII 
FEED PUMPS 

IT is impossible to include descriptions of more than a 
fraction of the feed pumps on the market. A few 
only can be described in the limited space available. Feed 
pumps exist as direct acting, steam driven, with steam and 
water cylinders tandem fashion on the one rod as crank- 
shaft pumps also steam driven, electrically driven pumps, 
belt-driven pumps, etc. 

In dealing with the subject generally engineers should be 
cautious how they use the tables of horse-power and pump 
duty which appear in American catalogues, many of which 
are widely scattered in this country. These tables are often 
based on a gallon of only 8J lb. and not on the imperial 
gallon of 10 lb., and the effect when this is not recognized 
is unfair to the English pump maker, for the tables convey 
a false idea of what is done by other pumps. 

A pump is really a simple matter to calculate, for it is 
merely a machine for raising weights, or for moving a piston 
against a pressure that can be translated into the equivalent 
of a raised weight. Large masses of water are often put 
into movement by small pumps, for supply pipes are some- 
times long. It is an axiom in durable and good pump 
practice that speeds shall be slow where movement is of the 
reciprocating order, while the contrary holds good where 
the water moves continuously and in one direction, as in 
the case of the centrifugal pump and other perhaps less 
known forms. When reciprocating pumps do run quickly 
they are of special design in which provision is made for 
the preservation of motion of the water in one continuous 
flow. 

Care must be taken in choosing a pump carefully to 
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compare speeds and capacities, as pumps are very variously 
rated, and it is bad practice to economize by using cheap 
pumps at high speeds. The exhaust from steam-driven 
pumps should be utilized to heat feed water, and may be 
made specially useful where softening by the Porter-Clark 
process is carried on, the exhaust steam helping the process 
very materially. 

Where a pump draws its supply from a distance there 
ought to be, near the pump, an air, or rather partial vacuum 
chamber, as a reserve to maintain constant flow in the 
suction pipe and avoid shock. 

It is usual to have feed apparatus in duplicate as a safe- 
guard against breakdown, and it is very convenient for 
testing purposes to be able to feed any one, or more, boilers 
from one source, so that the water supply to those particular 
boilers can be separately measured ; but an undue duplica- 
tion of feed pipes should be avoided, breakdown being 
guarded against rather by wise expenditure on good pipes, 
flanges and joint rings, than by a prolific use of inferior 
material. 

When hot water is. to be pumped it should either flow by 
gravity to the pump, or the height of lift should be con- 
siderably less than that represented by 25 feet — A, where 
h is the height in feet of a column of water equivalent to 
the pressure of steam at the given temperature. 

Thus at a temperature of 162° F. the head in feet is about 
12. Then 26 - 12 = 13 feet would be the maximum lift 
that should be attempted. 

The actual net work done by a feed pump is represented 
by the product of the weight of water pumped in a given 
time, and the height in feet equivalent to the boiler pressure 
against which the feed is pumped. Pump eflBciency may 
be assumed at 60 per cent., or say at 40 per cent, overall 
eflSciency for pump and electric motor, as ascertained by 
the writer in case of a treble ram pump electrically driven 
by worm gearing. Where worm gear is employed the 
thrust bearing should be long and run in an oil bath, and 
the thrust collar should not be placed in too narrow a part 
of the casing or it will fail to get sufficient lubrication. 
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In the following tables (XXVI. and XXVII.) are given a 
few particulars as to the lift practically advisable for pumps 
drawing hot water. The table is worked out for barometric 
pressures at different altitudes, but in place of ,the baro- 
metric pressure may be placed 14-7 less the vapour tension 
of water at any given temperature, as shown in Table XIII. 

It is also useful to remember that the square of the 
diameter in inches of a cylindrical pipe gives approximately 
the weight of water it contains per yard in pounds. 

TABLE XXVT. 
Fob Converting Feet Head of Water into Pressure per Square 

Inch. 



Feet 


Pounds per 


Feet 


Pounds per 


Feet 


Pounds per 


Head. 


Square Inch. 


Head. 


Square Inch. 


Head. 


Square Inch. 


1 


•43 


55 


23-82 


190 


82-29 


2 


•87 


60 


25-99 


200 


86-62 


3 


1-30 


65 


28-15 


225 


97-45 


4 


1-73 


70 


30-32 


250 


108-27 


6 


2-17 


75 


32-48 


276 


119-10 


6 


2-60 


80 


34-65 


300 


129-93 


7 


3r03 


85 


36-81 


325 


140-75 


8 


3-40 


90 


38-98 


350 


151-58 


9 


3-00 


95 


41-14 


375 


162-41 


10 


4.33 


100 


43-31 


400 


173-24 


16 


6-50 


1 100 


47-64 


500 


216-55 


20 


8-66 


120 


51-97 


600 


259-85 


25 


10-83 


130 


56-30 


700 


303-16 


30. 


12-99 


140 


60-63 


800 


346-47 


35 


15-16 


150 


64-96 


900 


389-78 


40 


. 17-32 


160 


69-29 


1000 


433-09 


45 


19-49 


170 


73-63 


__ 





50 


21-65 


180 


77-96 


— 


— 



Thus a 4-inch pipe contains 1*6 gallons = 161b. = (4 x 4). 

To find the pressure in pounds to the square inch of a column of 
water, multiply the height of the column in feet by -434. Approxi- 
mately, every foot elevation is equal to one-half pound pressure to the 
square inch ; this allows for ordinary friction. 

The mean pressure of the atmosphere is usually estimated at 14*7 
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pounds to the square inch, so that with a perfect vacuum it will 
sustain a column of mercury 29*0 inches, or a column of water 33*9 
feet high. 

Doubling the diameter of a pipe increases its capacity four times. 
Friction of liquids in pipes increases as the square of the velocity. 

TABLE XXVII. 
For CoNVERTiNa Pressure per Square Inch into Feet Head 

OP Water. 



Poundaper 
Square Inch. 


Feet 


Pounds per 


Feet 


Pounds per 


Feet 


Head. 
2-31 


Square Inch. 
55 


Head. 
126-99 


Square Inch. 
180 


Head. 


1 


415-61 


2 


4-62 


60 


138-54 


190 


438-90 


3 


6-93 


65 


150-08 


200 


461-78 


4 


9-24 


70 


161-63 


225 


519-51 


6 


11-54 


75 


173-17 


250 


577-24 


6 


13-85 


80 


184-72 


275 


643-03 


7 


16-16 


85 


196-26 


300 


692-69 


8 


18-47 


90 


207-81 


325 


750-41 


9 


20-78 


95 


219-35 


350 


808-13 


10 


23-09 


100 


230-90 


375 


865-89 


16 


34-63 


110 


253-98 


400 


922-58 


20 


46-18 


120 


277-07 


600 


1154-48 


25 


57-72 


125 


288-62 








30 


69-27 


130 


300-16 


— 


— 


35 


80-81 


140 


323-25 


— 


— 


40 


92-36 


150 


346-34 


— 


— 


45 


103-90 


160 


369-43 








60 


116-45 


170 


392-52 


— 


— 



Weight and Capacity op Different Standard Gallons op 

Water. 



Imperial or 

English 
United States 



Cubic 

Inches 

in a Gallon. 



277-274 
231- 



Weight of a 
OaUonin 
Pounds. 



Gallons 

ina 

Cubic Foot. 



I 



10-00 
8-33111 



6-232102 
7-480619 



Weight of a 
cubic foot of 
water, English 
standard 
62-321 lb. 
Avoirdupois. 
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Flow of vxUer in pipes. — It is not desirable to give too 
rapid a velocity to water flowing in a pipe. About 3 feet 
per second is considered a sufficient velocity. 

Darcy's formula for the loss of head due to friction in 
pipes is : — 

( 0-00002081 6\ 



h 

I v" 



=(»• 



d 2g 



(1) and 



0198920 + 2:22^)^ (2); where 

h = loss of head in feet due to friction. 
d = internal diameter of pipe in feet. 
V = velocity per second in feet. 
I = length of pipe in feet. 
2g = 64 324. 

The formula (1) is used for velocities less than 0*33 feet 
per second, and should fit feed-pipe work if very liberally 
proportioned. 

Formula (2) is f or t; = more than 0*33 feet per second. 

The rules are applicable to pipes of 4 in. and upwards, 
and represent about 10 feet loss of head per 1,000 feet for 
4-inch pipes at 3 feet per second. 

For smooth inside pipes of small diameter Weston's 
formula is : — 

\ ^ ^v J d 2g 

By this rule a 1-inch pipe will lose about 6 feet of head 
per 100 feet for a velocity of 3 feet per second, whereas a 
2-inch pipe will only lose about 2 J feet of head per 100 feet. 
Loss of head increases with the square of the velocity, and 
the influence of length is serious. Velocity may be in- 
creased for short distances in larger sizes of pipes up to 
6 feet per second. 

Long pipes laid horizontally to pumps should have a 
suction air vessel near the pump to assist in preserving 
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the motion of the water uniform in the pipe, and every 
pump should have an air vessel on its delivery side. 

In fixing on feed-pump arrangements, it is always de- 
sirable that there should be at least two feed pumps to a 
plant. Where a large plant is divided into a number of 

independent sections, it is a 
doubtfully good practice to pro- 
vide each set or section with so 
much provision in the way of 
feed pumps. In such a case a 
moderate supply of spares should 
suffice, all the pumps discharging 
into one feed main, which may 
have cut-out valves to divide 
oflf the various sections. By 
this means the failure of the 
pump or pumps of any section 
can be made good by a supply 
through the common main. 
Speaking generally, the same 
may be said of feed pipes as 
of steam pipes,^ that an excel- 
lence of materials and construc- 
tion should be preferred to an 
excessive duplication of mains. 

The Weir Feed Pump, of 
which a simple form is shown 
in Fig. 86, is one of the slow and 
long-stroke variety, built for 
economy, durability and relia- 
bility. 

From the annexed table it 
wiU be seen that at the normal 
speed of practically 16 double strokes per minute, the stroke 
being 16 in., the piston velocity is only 40 ft. per minute. 
The pump tested had 6-in. pump cylinder and 8-in. steam 
cylinder, a stroke of 16 in., and a steam pressure of 110 and 
107 lb. In the course of twelve tests the efficiency never 
^ See Steam Pipes, by the same Author, Constable & Co. 
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rmal Speed. 


Slow Speed 


110 lb. 


107 lb. 


164 lb. . 


164 lb. 


16-9 


6-0 


97-26% 


96-6% 


84-6 


. 55-3 


63-1 


95-3 


3M 


21-0 



FEED PUMPS 

fell below 95 per cent., even at so slow a speed as three 
double strokes per minute. Pumps like these have a margin 
very considerable, when it is considered that a bucket 
velocity of 80 to 100 ft. per minute is considered quite 
ordinary. 

Steam pressure at pump 110 lb. 

Water „ „ .... 

Double strokes per minute 

Efficiency of pump 

Pounds of water per pound of steam . 
Pounds of steam per net h.p. . 
Foot-pounds work per B.Th.U. to 212° 

The exhaust from a Weir or any other steam-driven 
pump may be turned through the intermediate receiver 
of a compound engine or used in a feed heater. The former 
use is preferable as a rule. The valve of the Weir pump is 
a D valve, on the back of which works a small auxiliary 
valve, and the design is such that when steam is turned on 
the pump will always work. The barrel is of gun metal, 
the rod of bronze, and so are the valves and seats, water 
piston and mountings. These pumps work up against 
pressures of 200 lb., and have been made even to work at 
600 lb. 

The makers publish the annexed table of quantities and 
floor-space allowances as a guide in making provision for 
pumps. The quantities in Table XXX. may be reduced by 
5 per cent., as an allowance for slip or other loss. 

The advantage of a direct-acting steam pump is, of course, 
that the application of the moving force to the water is 
elastic, and there can be no excess of mechanical stress 
exerted in any part of the pump, all stresses in which are 
limited to the maximum static steam stress on the steam 
piston. 
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TABLE XXX. 










Stakdard Sizes and Capacity of Weir Direct- Acting 


Pump 






F 


OR Land 


Installations. 
^GaUons 
















i 




niR- 






Gallons 












meter 


CyUn. 


Lenffth 


Difloharged 


per Hour 










nf 


der of 


per 1 


at 12 


Floor Space. 


Height. 


ox 

Pomp. 


Pump. 


Stroke. 


Double 
Stroke. 


Double 
Strokes 
per Min. 










in. 


m. 


in. 






ft. in. ft. 


in. 


" ft. 


ID. 


H 


n 


15 


2-49 


1792-8 


1 6Jxl 


7 


6 


4* 


6 


8 


16 


2-94 


2206-8 


1 9^x1 


10 


6 


10 


6 


8 


18 


3-53 


2641-6 ' 


1 9|xl 


10 


7 


7 


7 


H 


18 


4-86 


3499-2 


1 10 x2 





7 


7 


7 


9 


21 


6-67 


4082-4 


1 10 x2 





8 


4 


8 


lOi 


18 


6-362 . 


4673-4 


1 2 x2 


3 


8 





8 


lOJ 


21 


7-43 1 


6349-6 


2 2 x2 


3 


8 


9 


8 


10} 


24 


8-49 : 


6113-8 I 


2 2 x2 


3 


9 


6 


9 


12 


21 


9-34 


6724-8 


2 4 x2 


6 


8 


9 


9 


12 


24 


10-67 


7682-4 


2 4 x2 


6 


9 


6 


n 


12i 


24 


11-83 


8521-2 


2 4 x2 


6 


9 


6 



Directing-Acting Steam Pumps. 

There is a large class of direct-acting steam pumps of 
the duplex and other varieties, which have perhaps the 
advantage of small initial cost, but are not always very 
strongly built. They are often foimd with exc^sively light 
valve spindles, and are not, when of foreign origin, usaally 
up to the standard looked for in an English-made pump. 
In the duplex type the valve gear of the one side is driven 
from the piston rod of the other side, and vice versa. In 
purchasing these pumps they are sometimes found to have 
a catalogue rating on so many gallons per hour, and the 
gallon is very much less than the English imperial gallon 
of 10 lb. of water. Errors are apt to arise from this cause. 

Worthington Vertical Duplex Feed Pump. 

This pump of the long-stroke variety (Fig. 84) has steam 
cylinders 14 in. diameter, pump plimgers 9|in. diameter, 

* This is the best speed for boiler feeding. 
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and 18 in. stroke. Continuity of action is secured by driving 
each steam valve from the rod of the other cylinder, as 
customary in duplex pumps. 





FiQ. 87. WoBTHiNOTON Long-Stboke Duplex Feed Pump. 

Flywheel Pumps. 
The " Cameron " class of pumps, steam-driven and with 
ram pump, is still a favoxirite pump with many st^am ueers, 
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and is largely employed in the textile mills for both boiler- 
feed and fire purposes. Above 80 lb. pressure, double-ram 
pumps are employed for steadiness. These pumps are very 
durable. An air vessel is necessary, and this is amply pro- 
vided for by the cast-iron columns of the framing, which are 
boUow. Fig. 88 shows one of these pumps as made by 




^j^^^^^ 




Fio. 88. Cameron or Flywheel Pump (Peam). 

Frank Peam & Co., and the following table gives some 
particulars of their capacity when double. The single- 
ram pumps, with single steam cylinder, have a capacity 
one-half that of the double-ram pumps of equal ram 
diameter. 

When carefully packed these pumps run easily, and have 
a good volumetric efficiency. 
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TABLE XXXI. 
Dimension and Capacity of Double-Ram Cameron Pumps. 



Dlam. of Rams . . in. 


2 


2i 


3 


3t 


4 


4i 


5 


Diam. of Cylin- 
















ders. . . in. 


4 


6 


6 


6 


7 


7 


7 


Length of Stroke 
















in. 


3 


4 


5 


6 


6 


6 


6 


Strokes per Minute 


130 


100 


90 


90 


80 


80 


80 


Gals, per Hour . 


620 


800 


1340 


1800 


2660 


3200 


4000 


Diam. of Suet, and 
















Del. ... in. 


U 


H 


2 


2 


3 


3 


3 


Diam. of Steam 
















Pipe. . . in. 


i 


1 


1 


U 


U 


U 


n 


Diam. of Exhaust 
















Pipes . . in. 


i 


1 


1 


1 


U 


H 


n 


Diam. of Rams in. 


6 


7 


8 


10 


12 


16 




Diam. of Cylin- 
















ders . . in. 


8J 


10 


12 


14 


16 


18 




Length of Stroke 
















in. 


8 


9 


10 


12i 


16 


16 




Strokes per Minute 


70 


60 


64 


47 


40 


36 




Galls, per Hour . 


6400 


8800 


11600 


20000 


28800 


40000 




Diam. of Suet, and 
















Del. . . in. 


4 


4 


6 


6 


8 


— 




Diam. of Steam 
















Pipe . . in. 


2 


2 


2i 


3 


4 


— 




Diam. of Exhaust 
















Pipes . . in. 


2 


2 


2i 


.3 


4 


— 





The Fromentin Boiler Feeder. 

Though rarely seen, this apparatus has been found to 
work well, and it should do so with clean water, though 
there may be a reasonable doubt of its action when water 
contains carbonate of lime and is already heated to deposit- 
ing point. , The apparatus consists of two iron bottles on a 
balance beam, so arranged that each bottle in turn is open 
to the water supply and the boiler alternately. A bottle 
full of water cannot run out into the boiler until the end 
of the discharge pipe in the boiler has become exposed by 
lowering of the water level. 

283 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 



CXHAUST trCAM 



The Injector. 

The Injector is not an efficient machine as a heat 
engine, but it serves the double purpose of a feed pump 
and a feed heater, and returns the heat it does not utilize 
to the boiler, though not at maximum boiler temperature, 
and thus at a loss of efficiency. 
Injectors will drive water into the boiler from which their 

supply of steam is taken. They 
will even work against higher 
pressures. 

The exhaust steam injector 
using steam at atmospheric pres- 
sure will even deliver water, if 
supplied cold, into a boiler at 
possibly 100 lb. pressure. 

The action of the injector is 
simple, and resolves itself into a 
question of momentum. 

One pound of steam cooled to 
180°F.will part with about 1,000 
B.Th.U. If water be supplied at 
60° F. and heated to 180^ F., it 
will gam 120° F., so that 8 lb. of 
water would in such a case con- 
dense 1 lb. of steam to water at 
180° F. ; and if the velocity of 
flow of the steam were 900 feet 
per second, the velocity of the combined jet would be 900 -r 
(8 + 1 ) = 100 feet per second. Now, a velocity of 100 feet 
per second will result from a head of H feet of water by the 
customary formula : V = 8 H, whence H = about 150 feet 
or 64 J lb. The above figures are illustrative merely, for 
it is generally understood that the exhaust injector will 
save more than an eighth of the exhaust steam, an economy 
of 15 to 20 per cent, being claimed. Makers of these 
instruments state that they will heat the feed to 190° F., 
and inject it into a boiler up to 75 lb. pressure. The action 
of this injector is secured by splitting the combining nozzle 
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Fig. 89. Exhaust Steam 
Injector. 
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in half longitudinally, 
and hinging the loose 
half so that the injec- 
tor standing vertically 
the flap can freely 
swing open and as 
easily close when a 
vacuum is again made 
within it. 

The construction is 
clear in Fig. 89. 

For pressures above 
75 lb. the jet from the 
exhaust injector, at 
say 70 lb., passes on to 
a live steam injector, 
as in Fig. 90. 

Water at 190° F. 
will condense more 
steam at a high pres- 
sure which heats the 
feed now to 270° F., 
at which temperature 
it enters the boiler. 

Fig. 90 shows the 
form of combined in- 
jector suited for loco- 
motive work. 

Both portions are 
fitted with the split 
nozzle, which gives 
automatic re-starting. 

The size of an in- 
jector is always the 
smallest diameter of 
the cones in milli- 
metres. 

The number of gal- 
lons per hour that can 
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be fed by an ordinary live-steam injector varies with the 
square of the diameter of throat in miUimetres, and with 
the square root of the steam pressure, if published tables 
are to be reUed on. The apparent formula is G = D* x 
2yP, where G = gallons per hour and P=gauge pressure 
of steam. 

Thus a No. 2 is rated at 25 gallons for lO-lb. and 100 
gallons for 160-lb. pressure. A No. 20 is rated at 2,513 and 
10,048 gallons respectively for the same two pressures. 
Other sizes and other pressures all are consistent. 

All injectors fixed " lifting " give a less delivery according 
to the height of the life. A slight lift, such as 3 feet, makes 
very Uttle diflference ; but with higher lifts the reduction is 
about as follows : — 

A lift of 6 feet reduces the delivery about 10%. 
„ 12 feet „ „ „ 25 /Q^ 

„ 18 feet „ „ „ 36%. 

There are an almost infinite variety of injectors, many 

of them of apparently 
unnecessary complication 
of parts. 

Every information as 
to fitting and capacity 
wiU be found in makers' 
catalogues. 

It may be added that 
injectors should always 
draw their supply of 
water through a carefully 
made fine wire-gauze 
strainer, and that when 
the internal parts be- 
come coated with scale 
they can be cleansed by 
soaking in a 10 per cent, 
solution of hydrochloric 
acid. When fitted to 
lift their supply, the 
capacity of injectors is 
reduced. 



STEAM 




WATER 



OVERFLOW 



DELIVERY 



Fio. 91. Exhaust Steam Injectob 
(Holden & Brooke). 
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The reduction of capacity is nearly 2 per cent, per foot 
of lift, and the maximum Hft is about 18 feet, and the suction 
pipe should have a foot retaining valve. 

The steam-supply pipe to all injectors, and especially to 
exhaust-steam injectors, should be taken off the steam pipe 
by a square bend, in order that moisture and oil may be 
separated out of the steam. Where non-condensing engines 
are employed, an exhaust injector offers a means of heating 
the feed-water tank and assisting the softening process. 
Considering the absence of serious or perhaps any pressure 
against which it may have to work, it is probable that such 
an injector could even be employed to draw its steam from 
the exhaust pipe of a condensing engine for warming up a 
feed tank. In such a case possibly it would be found 
necessary to connect the overflow of the injector to the 
condenser, with, of course, a non-return valve in circuit. 

A rule sometimes used for finding the velocity of flow of 
steam is : — 



/ n P 

V = Sa/ — where V= feet per second velocity. 

^ {n + 1) R 

P = pressure per square foot and R = weight of a cubic 
foot of steam at the pressure P ; or 



V = S\/ P W where W is the volume of one 

^ n + 1 

pound of steam in cubic feet, 

n = 1 to 1*4, according to drjmess. 

Approximately V = ^\/ ~^r~ ^^® ^'^u® value of V being 

some 6 per cent, less for wet steam and 2 per cent, greater 
for dry steam. 

The following table gives the capacity and sizes of some 
plain exhaust injectors. 
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TABLE XXXII. 

Sizes akd Capacities of Exhaust Steam Injectors. 







Inside Diameter of Pipes. 


Size of 

Injector. 

mm. 


Delivery in 






gallons 
per hour. 


%^ha^r i Water Pipes. 


Overflow. 


3 


1.50 


IJin. 


fin. 


iin. 


4 


270 


2 m. 


lin. 


fin. 


5 


420 


2 in. 


lin. 


lin. 


6 


600 


2} in. 


IJin. 


IJin. 


7 


830 


3 in. 


1 in. 


IJin. 


8 


1080 


3^ in. 


H ^• 


Hin. 


9 


1370 


4 in. 


Hin. 


Hlq. 


10 


1700 


4} in. 


2 in. 


2 in. 


11 


2050 


Sin. 


2 in. 


2 in. 


12 


2450 


5Jin. 


2iin. 


2 in. 



TABLE XXXIII. 

Temperature of Feed Water. Height of Lift, etc., for "Smius' 
Self-Actino Injectors. 



Boiler Preaanre 




» 251b. 


! 


30 „ 


35 „ 

80 „ 


1 . 


100 „ 


|| 


150 „ 



Height Injector 

will Uft 

its feed water. 



5 to 12 feet. 

(3oe Dimension A, 
Fig. 146.) 
12 to 20 feet. 



a Temperature at wliich 

Injector will take food water 

(fixed non-lifting). 



150° F. 

150° „ 
135° „ 
125° „ 
105° „ 



Note : — If fixed 
" lifting," the maxi- 
mum temperature 
of the feed water 
must be 5"" to 10** 
leas according to 
height. 



* With pressures below 26 lb. there should be no lift, and at aU 
low pressures, the pipes (steam especially) should be short, free from 
bends, and of full area throughout. 

^ The Table of Temperatures as it stands applies only to a special 
injector. For other patterns the maximum tomperature at which 
feed water can be taken is about 10° lower. 
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TABLE XXXIV, 

SOLUBIUTY OF AlB IN WaTBR AT '760 MILLIMETRE PRESSURE 
(1 atmosphere) and various TEMPERATURES CeNTIORADE. 



o°c 


0-02471 


10*^0 


0-01963 


1 


•02406 


11 


•01916 


2 


•02346 


12 


•01882 


3 


•02287 


13 


-01861 


4 


•02237 


14 


•01822 


6 


•02179 


15 


•01795 


6 


•02128 


16 


•01771 


7 


•02080 


17 


•01750 


8 


•02034 


18 


•01732 


9 


•01992 


19 


•01717 



Temp. F. = Temp. C. x f +32 



TABLE XXXV. 



Tension in millimetres op Mercury op Water Vapour between 
-6** ANT) + 35'' C. OR 23** to 96** F. 



-6 


3^131 


6** 


6-634 


16** 


12-669 


26** 


23-660 


-4 


3^387 


6 


6-998 


16 


13^636 1 


26 


24-998 


-3 


3-664 


7 


7-492 


17 


14-241 ' 


27 


26-605 


-2 


3-966 


' 8 


8-017 


18 


16-367 


28 


28-101 


-1 


4^267 


1 9 


8-674 


19 


16-346 


29 


29-782 





4-600 


10 


9-166 


20 


17-391 


30 


31-648 


1 


4-940 


11 


9-792 


21 


18-496 


31 


33-406 


2 


6^302 


12 


10-467 


22 


19-669 


32 


36-359 


3 


6-687 


13 
14 


11-162 


23 


20-888 


33 


37-410 


4 


6-097 


11-908 


24 


22-184 

1 


34 


39-566 
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TABLE XXXVI. 

Volume, Specific Gravity and Tension of Watee Vapour from 
0^ C. TO 180^ C. 



T*C. 


Atmospheres 


Pressure Idlos. 


Volume of 
1 Kilo, of 


Weight of 
lM3of 




Pressure. 


perCm^ 


Vapour M3 


Vapour. 


0*^ 


Tia 


0-006 


205-222 


0-006 


18 


io 


0-021 


66-145 


0-016 


33 


^^ 


0-051 


27-852 


0-036 


46 


T^ 


0-103 


14-516 


0-069 


60 


i 


0-206 


7-583 


0-032 


66 


i 


0-258 


6-157 


0-162 


82 


i 


0-516 


3-227 


0-310 


92 


} 


0-775 


2-215 


0-451 


100 


1 


1-033 


1-696 


0-591 


112 


1* 


1-549 


1-167 


0-867 


121 


2 


2-066 


0-895 


1-116 


128 


2i 


2-682 


0-729 


1-371 


134 


3 


3-099 


0-617 


1-620 


140 


34 


3-616 


0-534 


1-866 


144 


4 


4-131 


0-474 


2-108 


148 


4* 


4-648 


0-426 


2-347 


162 


6 


6-164 


0-387 


2*584 


166 


6i 


6-681 


0-366 


2-812 


169 


6 


6-197 


0-328 


3-061 


166 


7 


7-230 


0-286 


3-609 


171 


8 


8-263 


0.252 . 


3-971 


176 


9 


9-300 


0-227 


4-408 


180 


10 


10-330 


0-206 


4-848 



According to Resal the specific weight and the pressure of 
water vajMiur are satisfactorily co-related by the formula 
B = Mp™, where R is the specific weight of saturated water 
vapour p = pressure in millimetres of mercury, 
M =0001164, 
m = 0-943. 
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TABLE XXXVII. 

Of the Relative Equivalence of Fressubes in Miiximbtres 
(or other Units) of Water and of Mercury. 



Water. 




Water. 


Meronry. 


Water. 


Mercury. 


Water. 


Mercury. 


1 


0-07 


16 


M8 


36 


2-68 


200 


14-76 


2 


0-16 


17 


1-26 


40 


2-96 


260 


18-46 


3 


0-22 


18 


1-33 


46 


3-32 


300 


22-14 


4 


0-30 


19 


1-40 


60 


3*69 


360 


25-83 


6 


0*37 


20 


1-48 


66 


4*06 


400 


29-62 


6 


0-44 


21 


1*55 


60 


4-43 


460 


33-21 


7 


0-62 


22 


1-62 


66 


4-80 


600 


36-90 


8 


0*59 


23 


1*70 


70 


6-17 


660 


40-59 


9 


0-66 


24 


1-77 


76 


6-64 


600 


44-28 


10 


0-74 


26 


1-84 


80 


6*90 


660 


47-97 


11 


0-81 


26 


1-92 


86 


6-27 


700 


61-66 


12 


0-89 


27 


1-98 


90 


6*64 


800 


69-04 


13 


0-96 


28 


2-07 


96 


7-01 


900 


66-42 


14 


1-03 


29 


2-14 


100 


7-38 


1000 


73-80 


15 


M2 


30 


2-21 


160 


11-07 







The specific weight of mercury is 13*6501 times that of water. 



291 



Digitized by LjOOQ IC 



WATER SOFTENING AND TREATMENT 



TABLE XXXVni. 

Temfbbatube and Pbessube of Steam foe each Half-inch of 

Vacuum. 



Inches 
of 


Absolute 




Inches 
of 


Absolute 




Vacuum. 


Pressure. 


Temperature 


Vacuum. 


Pressure. 


Temperature. 


Mercury 
Column. 


Lb. per 
square inch. 

14.697 


Degrees F. 


Mercury 
Ck>lumn. 


Lb. per 
square inch. 


Degrees F. 





212-00 


15 


7-329 


178-96 


i 


14-451 


211-16 


161 


7-084 


177-44 


1 


14-206 


210-29 


16 


6-838 


175-87 


H 


13-960 


209-42 


161 


6-592 


174-26 


2 


13-715 


208-54 


17 


6-347 


172-59 


2* 


13-469 


207-64 


171 


6-101 


170-86 


3 


13-223 


206-73 


18 


6-856 


169-07 


3J 


12-978 


205-80 


181 


5-610 


167-23 


4 


12-732 


204-86 


19 


5-364 


165-31 


4i 


• 12-487 


203-91 


191 


5-119 


163-32 


5 


12-241 


202-94 


20 


4-873 


161-25 


51 


11-995 


201-96 


201 


4-628 


159-09 


6 


11-750 


200-95 


21 


4-382 


156-83 


61 


11-504 


199-93 


211 


4-136 


164-46 


7 


11-259 


198-89 


22 


3-891 


151-97 


71 


11-013 


197-83 


221 


3-756 


149-34 


8 


10-767 


196-75 


23 


3-410 


146-55 


8* 


10-522 


195-65 


231 


3-164 


143-59 


9 


10-276 


194-53 


24 


2-918 


140-42 


n 


10-031 


193-39 


241 


2-673 


137-01 


10 


9-786 


192-23 


25 


2-427 


133-32 


101 


9-539 


191-03 


251 


2-172 


129-31 


11 


9-294 


189-81 


26 


1-926 


124-89 


111 


9-048 


188-57 


261 
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TABLE XLI. 
Saturated Steam : TEMPBRATtJRE Pressure Table. 





AbBolute 




Absolute 




Absolute 


Temp. 


Prewure 


Temp. 


Preesure 


Temp. 


Pressure 


F. 


in lb. 


F. 


in lb. 


F. 


in lb. 




per sq^. in. 
•26 




per sq. in. 


114 


per sq. in. 


60 


87 


•63 


1-42 


61 


•26 


88 


•65 


115 


1^46 


62 


•27 


89 


•67 


116 
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117 
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UNITS, DEFINITIONS AND EQUIVALENTS. 

T?ie British Unit of Work is the foot pound which represents 
the work done in raising one pound one foot high. 

The Metric Unit of Work is the kilogrammetre. 

Power is the amount of work performed in a unit of time. 

The Horse-Poioer is the unit of power used by British engineers 
and is equal to 33,000 foot pounds of work per minute. 

The French Horse-Power is the equivalent of 75 kilogram- 
metres per second. 

1 British Horse-Power = 10139 French Horse-Power. 



♦ Tables and Data. 



Pullen. Scientific Publishing Co. 
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IndieaUd Horse-Pinoer (or pump hone-power) is the measme 
of work done by the steam in the engine cyinder (or water in the 
pump cylinder) and is calculated by the aid df the indicator 
diagram, the data necessary being :— ^e mean effective pressore 
in the cylinder, the area and the speed of the piston or bucket. 
The method of calculation is as foUows : — 

Let PsThe mean effective pressure of steam or water in 
pounds on the square inch. 
A ^ Aie^ of piston in square inches. 
L B Length ot stroke in feet. 

Ns= Number of strokes per minute, in double-acting 
engines or pumps = revs, x 2. 
Then P x A = the total mean effective pressure on the piston 
in pounds, 
L X N s the distance in feet through which the piston 
moves in one minute (or piston speed), 
and FAxLNsthe number of foot-pounds of work done 
per minute which, divided by one horne- 
power, or 33,000 foot-pounds. 
PAxLN 
33,000 
gives the indicated Horse-Power developed 
by the engine or absorbed by a pump as 
shown on the Lidicator diagram. 

Indicated Horse-Pouter is the external or useful work done by 
the engine, plus the power to overcome the frictional resistances 
of the engine itself. 

Brake Horae-Power represents the external or useful work done 
by the engine, or the Indicaied Horse-Power less the power 
absorbed to drive the engine itself. 

Thermal Efficiency, — ^The thermal efficiency of an engine is 
the ratio of the amount of heat energy used in doing woiii, to 
the total amount of heat energy received by the engine. 

The Mechanical Efficiency of the engine is the ratio of the 

SHP 

useful work to the total work done and equals 

IHP. 

*' Heai is a form of molecular energy, and it may be converted 
into mechanical work by means of the change of volume which 
it produces in bodies acted upon by it." — (dipper.) 

'^ Heai, given to a substance and warming it, is said to be 
' sensible * in the substance. Heat, given to a substance and 
not warming it, is said to become latent." — {Sir W. Thomson.) 

^^ Latent Heai, is the quantity of heat which must be com- 
municated to a body in a given state, in order to convert it into 
another state without changing its temperature." — (Maxwell^ 
" Theory of Heai^) 
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Units of Heat.— The British Thermal Unit (B.Th.U.) is the 
standard unit adopted in this country, and is the heat required 
to raise one pound of water through one degree Fahrenheit, 
measured by some at the standard temperature of 60° F. but 
Rankine says at or near 391®F. =4°C. or the temperature of 
maximum density. 

The mechanical equivalent of the B.Th.U., as determined by 
Rowlands, after Joule, is 778 foot poimds or units of work, at 
60° F. 

T?ie Metric Thermal Unit is the Calorie and represents the heat 
required to raise one kilogram of water one degree Celsius or 
Centigrade. 

1 B.Th.U. =0-262 Calorie. 
1 Calorie = 3-968 B.Th.U. 
1 Calorie = 3087 foot pounds. 

Specific Heal, or capacity for heat, is the ratio of the quantity 
of heat required to raise one pound weight of a given substance 
through one degree Fahrenheit, water, at the standard tem- 
perature of 60° F., being the standard of comparison. 

Table of Specific Heats. 

Constant Constant 
Pressure Volume. 

Water at 60° F. = 1-000. Steam at 212° F. = 0-480 = 0-346. 

Iceat32°F. =0-604. Air . . . = 0-217 = 0-168. 

Iron, cast. . = 0130. Hydrogen . = 3-410 = 2*410. 

Iron, wrought =0-113. Oxygen . . =0-217=0-155. 

Steel . . . = 0-116. Nitrogen. . = 0-244 = 0-173. 
Copper . . = 0-095. 

Temperature. — "The temperature of a body is its thermal 
state considered with reference to its power of communicating 
heat to other bodies." (Maxwell.) Temperature determines the 
intensity of heat in bodies. 

First Law of Thermodyruimics. — " Heat and Mechanical energy 
are mutually convertible, and heat requires for its production 
and produces by its disappearance, a definite number of units 
of work for each thermal unit." 

Second Law of Thermodynamics. — " Heat cannot pass from 
a cold body to a hot one by a purely self-acting process." — 
(Clausius.) 

The operation of this law is shown by the action of the steam 
in the cylinder. The steam at admission is hotter than the 
metals and gives up heat to equalize the temperatures, at 
exhaust the metals are hotter than the steam and return heat 
to it. 

Evaporation represents the total weight of water evaporated 
into steam at any given pressure, divided by the net weight of 
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dry fuel required to do the work and la expressed : — x lb. steam 
per lb. fuel. 

EquivaierU evaporation from and ai 212° F. — For purpoees of 
oomparison, evaporation results in triab of boilers are reduced 
to one common standard, which is the number of pounds of 
water which the same expenditure of heat-units would evaporate 
into steam at 212° F., from water at 212° F. The amount of 
heat-units required to evaporate one pound of water at 212° F. 
into steam at 212° F., is 966 B.Th.U. The total heat of evapora- 
tion at a given pressure is H — (the heat of the feed — 32), and 
therefore : 

H— (temp, feed— 32)_ 
966 ' 
equivalent evaporation from and at 212° F. 

For superheated steam, add the heat units required to raise 
the temperature from that normal to the pressure to the tem- 
perature of superheat, or (Ts— Ti.) xO'48. 

Coal is composed of Carbon, Hydrogen, Oxygen, Nitrogen, 
Sulphur, Ash and Water in various proportions. M. Mahler in 
his work, Contribviione d FEttides des CombuMMes^ gives the 
following formula for ascertaining the heating value of the fuel : 
14,600 C +62,100 H— 6,400 (0 +N)= heating value in B.Th.U. 

Efficiency of the steam generating plant is the ratio of the 
heat units usefully employed in the generation of steam, as 
shown by the evaporative result, to the total heat units 
supplied in the fuel thrown on the furnaces. 

The heating value of the coal having been ascertained in 
B.Th.U., is divided by 966 B.Th.U., and this gives the number 
of pounds, which the total heat of the fuel would evaporate from 
and at 212° F. 

Abaclvie pressure is reckoned from Zero or Vacuum. On the 
vacuum gauge this is represented by 30 inches of mereury, or 
14*7 lb. below atmospheric pressure. 

Boiler or gauge pressure is that above the pressure of the 
atmosphere which is 14*7 lb. on the square inch. 

Absolute pressure — 14-7 = boiler pressure. 

Boiler pressure + 14*7 = absolute pressure. 



Thermombtbb Scales. 

32° Fahrenheit = 0° Centigrade = 0° R6aumur. 
212° „ =100° „ =80° 

(Degrees Fahr. -32) x f; = Degrees Centigrade. 
(Degrees Fahr. —32) x J = Degrees R^umur. 
(Degrees Centig. xj) +32 = Degrees Fahr. 
(Degrees R^aum. x J) +32 = Degrees Fahr. 
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" ECONOMIZKBS." 

To ascertain the gain effected by the use of " economizers," 
i.e., feed-water-heaters, wherein the increase in temperature ia 
obtained from the waste gases, after leaving the boiler ; or from 
exhaust steam ; the following rule will serve : — 



100 



J 



Temperature of feed 

leaving the 

" economlzeTB " 



( Temperatore of feed^ 
- J entering the I 
» " economizers ' 



Total heat of steam at ) r Temperature of feed | 
boiler preware reckoned \ —] entering the 
fkomCFahr. ) L " eoononuters ' 



= gain per cent, 
effected. 



Peopbbtibs of Satueated Steam. 
Rankine gives the relation between temperature and pressure 
of dry satiu*ated steam with great accuracy, as follows : — 



log p = A 



where p represents the absolute pressure in pounds per square 
inch, ^ 

A = 61007 

log B = 3-43642 

log C = 6-59873 

T = absolute temperature on the Fahrenheit scale, or t +461*2. 
If T be the Centigrade scale, 
then A = 61007 v 

log B = 31812 
log C = 50871 
The following table (XLII.) by Professor Peabody shows the 
accuracy of Rankine's equation as compared with Regnault's, 
experiments. 

TABLE XLII. 



Temperature F. 


Pressure in lb. per sq. in. 


Experiment. j Rankine's Equation. 


32 
77 
122 
167 
212 
302 
392 
428 


•089 
•455 
1^779 
6^579 
14-697 
69-27 
226-56 
336-26 


•083 
•452 
1-78 
5-58 
14-7 
69-21 
225-9 
336.3 
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Specific Heat, — Specific heat is the heat required to raise 1 lb. 
water from freezing point to the given temperature. The specific 
heat of water is not constant. The value of the specific heat 
S is given with fair accuracy by the equation 

S =t +<m02t^ +-0000003 1^ 

when t is the temperature Centigrade. 

Or S = «-32+-000000103(«-39)3 

for the Fahrenheit scale. 

dS 
The specific heat at any temperature ^° is --,-- = 1 + 2 a ^ + 3 fit^, 

CL t 

where S=t -{-at^ +pt^ = the specific heat at the temperature t°. 
Or consider any two temperatures t^ and t^ ; then heat added 
between these temperatures = S^ —S^=t^ —t^ +a {t^^ —t^^) +B 
(^a^— <i*) and the mean specific heat 

On the Fahrenheit scale it is, 1 00047 +000000103 

Reasoning from Rowland's recent results on the mechanical 
equivalent of heat. Professor Peabody has shown the above 
to be not quite accurate. 

Latent Heat is the number of British thermal units required 
to convert 1 lb. water into dry saturated steam without change 
of temperature. Latent heat consists of two parts : the ex- 
ternal work done during evaporation and the actual intrinsic 
heat possessed by the steam in virtue of its conversion into 
steam, and equal to latent heat miniLs the heat equivalent of 
the external work done by the steam during evaporation ; or, 

where P is the pressure per square foot under which the steam 
was formed ; u the increase in volume of water and steam in 
cubic feet during evaporation, and J. Joule's mechanical equiva- 
lent of heat, which is now taken as 778 foot pounds, or 426'9 
calories. 

Approximate expression for internal latent heat is 

6764 -^OU 

where t is the temperature of evaporation on the Centigrade scale ; 
and 

1062- -79 « 
on the Fahrenheit scale. 

An empirical equation for latent heat L is 

L = 1 1 15 - -7 ^ on the Fahr. scale, 
or L= 607 - -7 ^ on the Cent, scale. 
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Professor Unwin's equation for the latent heat on the Centi- 
grade scale is 

L-779 ?^ 

^""^ (7-503- log p)3 

which is very accurate where p is the corresponding pressure of 
evaporation in pounds per square inch. 

Total Heat. — ^The total heat H required to raise the tempera- 
ture of 1 lb. of (water from 32 ° Fahr. to a given temperature, 
and evaporate it at that temperature is the sum of the sensible 
heat, the internal latent heat, and the external Iq^^nt heat : 

H=S+L 
or H = 1082+ -306 < 

when t the temperature of evaporation Fahrenheit or 

H = 606-5 +305 « 

for t on the Centigrade scale. 

External Work, — ^The work done by the steam during forma- 
tion, is called the external latent heal. It is approximately 
52 + 091 i thermal units or on the Centigrade scale 306 +091 i 
thermal units. 

Specific Volume, — ^The specific volume or volume of 1 lb. of dry 
saturated steam at different pressures can be calculated thus — 

dP^ J[^^ L 

dT " Tu T(~t;-8) 

where t; = specific volume of 1 lb. steam and 8 = volume of 1 lb. 
water = -016 cubic feet. 

For rough purposes the equation p u i-o«" =479 can be used, 
when w = t;— 8 and p = pounds per square inch of pressure. 

For a fuller treatment of these matters see Tables and Data 
by PuUen. Scientific Publishing Co. 
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Appendix No. 6. 

ELECTRICAL OIL SEPARATION 

The accompanying illustration shows how the problem of 
oil separation from greasy water has been electrically attacked 
by the Davis-Perrett S3rstem. The air pump discharge, as hot 
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as it can be obtained, is passed through a tank divided up into 
sections, each section being again divided by iron plates. The 
plates are then connected so that the potential is about 40 to 
50 volts across each element. At the Leicester Corporation 
Tramway station there are five plates in parallel and ten in 
series across a 500 volt circuit ; this plant will deal with 6,000 
gallons per hour and consumes about 12 amperes or 6 units. 
The plates last it is said two or three years and when covered 
with deposit they are cleaned by reversing the current when the 
deposit rises and can be removed. Grooves are cut into the 
partitions dividing off the compartments and, the plates being 
inserted in these grooves, are rigidly supported. Iron rods, 
screwed their entire length, are used for connecting the plates 
together electrically. The whole apparatus is supported on 
insulators, and the liquid to be treated is divided into two 
streams at one end of the tanks ; it then passes into the tanks 
and through each set of compartments in five parallel streams. 
Alternate plates are cut as shown by the drawing so that the 
liquid passes under one plate and over the next alternately and 
circulation is so ensured over the full surface of the plates. It 
is said that the air-pumjp discharge has a high ohmic resistence 
but that the addition of a small quantity of fresh water at once 
enables the liquid to conduct current and this additional water 
may of course be added in the form of make-up water. The 
action of the electric current is to cause the emulsified oil to 
coalesce so that it will separate out by gravity, but, to save 
space, it is mechanically filtered. Sand (or in come cases wood 
shavings tightly packed between perforated iron plates, and 
oak sawdust) is used for filtering. The iron plates are gradually 
destroyed, a brown oxide being formed and this, which is a 
hydrated peroxide, is collected with the oil and forms with it a 
flocculent substance. Whether the oxide is essential to the 
process is not certain, but the result of the process is a clean and 
bright water free from oil. The space occupied varies from 
100 square feet per 1000 gallons per hour up to 290 square feet 
for 8,000 gallons or approximately it would appear 8 = 100 ^/N, 
where S = square feet of space and N = number of thousands of 
gallons per hour. The head room is 15 to 20 feet. 
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Acid, 101, 105 

— water, 139 

Air, hygrometry of, 266 

Air and circulating pumps, 211, 

213 
Air pump, 149, 194 

bucket, 199 

combined, with circulating 

pump, 211, 213 

compound, 213 

Davy Paxman, 204 

di£igrams, 208 

direct steam-driven, 212 

Edwards, 201 

— — ejector, 206 

forms of, 200 

Hick Hargreaves, 207 

horizontal, 209 

Mirrlees Watson, 203 

rotative, 216 

Storey & Sons, 203 

tail rod, 210 

two-stage jet augmentor, 

215 

types of, 201 

working of, 195 

Air, solubility of, in water, 289 
Alum, 28, 34, 94 
Analysis of water, 36, 43 
Angus Smith, Dr., 22, 107, 123 
Apparatus, commercial, 44, 48 
Archbutt-Deeley system, 48 
Areas of circles, 276 
Atmospheric evaporator, 260 

— valve, 190 
Augmentor, 214 



Baker softener, 63 
Barium aluminate, 26 



Barium carbonate, 30 

— hydrate, 30 
Barometer, 163, 198, 276 
Boiler cleaners, 119 

— cleaning, 6, 100 

— compounds, 96, 98 
French. 97 

— cooling, 5 

Boiling point of salt solutions, 

142 
Borings, deep, 10 
Brackett's, condenser, 187 
Bruun Lowener softener, 68 
Bucket, air pump, 199 
Buxton lime, 22 



Capacity of condensers, 160 
Carbonate of lime, 13, 19 

— magnesia, 15, 20 

— soda, 23 
CfiUTod softener, 78 
Caustic lime, 18, 19 

— soda, 24, 25, 126 
Centrifugal pimip, 218 
Chalk lime, 22 

— water, 10, 123 
Chemicals, 103 
Chemical oil separation, 113 
Chevalet Boby detartariser, 83 
Circles, areas of, 275 
Circulating pump, 211, 213, 218 

Hick Hargreaves, 219 

Pulsometer Co.*s, 219 

— water, 26, 177 
Clarke's process, 17, 126 
Clecmers, mechanical boiler, 119 
Coagulation, 94 

Coefficient of contraction, 220 
Cooling surface, 168 

— pond, 268 

— towers, 260 
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Cooling water, 255, 259 
Condenser, 154, 170, 173 

— atmospheric, 163 

— Brackett's, 187 

— calculations, 164 

— capacity of, 160 

— counter-current, 186, 187 

— ejector, 162 

— evaporative, 186 

— Ledward, 175, 184 

— plant design, 164 

— Storey, 176 

— surface, 189 

— varieties of, 160 

— vertical, 176 

— Wheeler, 174 

— Worthington, 173 
Counter- current condenser, 186, 

187 
Cruse feed heater, 235 

D 

Definitions, 295 
Desrumeaux softener, 70 
Design of condensing plant, 164 
Detartarisers, 83 
Displacement pump, 219 
Doctor Angus Smith, 22 
Dorking lime, 22 
Doulton softener, 57 

E 

Economizers, 223, 229 

— pure water, 234 
Economy, 6 

— of condensing, 71 

— feed heating, 294 
Edward's air pump, 196, 201 
Ejector condenser, 162 
Electrical oil separator, 302 
Equivalence of water and mer- 
cury, 291 

Equivalents, 295 
Evaporator, atmospheric, 260 
Evaporation temperature of salt 
solutions, 142 

— factors of, 293 

— from ponds, 259 
Examples of condensers, 173 
Exhaust injector, 284, 286 

— pipes, 166 



Factors of evaporation, 293 
Fan cooling tower, 262 
Feed heating, 223 
Feed heater, Paterson, 86 

— — Tray, 242 

— - Weir, 84 

— heatmg in stages, 237, 244 

— pumps, 271, 278, 280, 281. 

282 
Flow of water in pipes, 277 
Floury deposit, 21 
Flue feed heater, 223 
Filters, 88, 90, 93 

— rapid, 93 

— Reisert, 95 
Filtering media, 85 
Filtration, 4 

Fromentin boiler feeder, 283 
Fully-heated feed, 235 



Gallon, standeu'd, 274 
Galvanic action, 105 
Gases, solubility of, 172 
General design, 164 
Geological considerations, 8 
Grease, 21, 33, 105 
'—' separation, 109, 113 
Guttman*s softener, 60 
Gypsum water, 123 

H 

Hard water, 37, 39 
Heat, 149, 151, 295 

— effect, 4, 29 

— latent, 150 

— specific, 149 

— unit of, 151 
High vewnium, 177 
Hotchkiss cleaner, 119 
Hygrometry of air, 256 



Incrustation in condensers, 171 

— pipes, 107 
Injector, 284 

— capacity of, 288 

— combined, 285 

— exhaust, 284, 286 



306 



Digitized by LjOOQ IC 



INDEX 



Latent heat, 150, 300 
Law of mixed vapours, 155 
Lead pipes, 108 
Lime carbonate, 13, 19 

— caustic, 18, 19 

— fat, 22 

— milk of, 23 

— solubility of, 46 

— sulphate, 16, 34 

— unsuitable, 22 

— water, 23 

Low pressure stectm, 155 

M 

Magnesia, 24 

— carbonate of, 15, 20 

— sulphate of, 16 
Mechaiiical boiler cleaners, 119 
Mixed vapour, 155 

N 
• Nozzles, spray, 267 

O 

Oil separation, 109, 113, 302 
Organic matter, 33 
Oxalate of soda, 27 



Paterson feed heater, 86 

— oil separator, 114 

— softener, 79 
Pipes, exhaust, 166 

— flow in, 277 

— incrustation in, 107 

— silted, 165 
Pond, cooling, 258 

Position of condensing plant, 217 

Potash, 25, 108 

Pressure and head of water, 273 

Properties of water, 144 

Pure water, 121 

Pump, air. See Air Pump. 

Pump, capacity of, 280, 283 

— circulating, 218 

— direct-acting, 280 
. — feed, 271 

— flywheel, 282 



Pump, suction lift of, 276 

— Weir, 278 

— Worthington, 280 

R 

Reagents, 19, 27 
Reccurbonization, 21 
Reisert filter, 95 

— softener, 65 
Reservoirs, 258 
Retaining wall, 91 

S 

Salts in water, 13, 142, 144 

— reactions of, 19 

— solutions, boil, 142 
Sand, 93 

— filters, 90 

Saturated steam table, 295, 299 
Scale effects, 32, 34 
Settling ponds, 90 
Softened water tests, 50, 63 
Softening by soap, 5 

— systems, 17 
Soap softening, 5 

— solutions, 36 
Soda, 23, 27 
Sodium chloride, 17 
Silicate of soda, 27 
Silt in pipes, 165 
Smith, Dr. Angus, 22 
Solubility of air, 289 

— gases, 41, 140, 172 

— lime, 46 

— salts, 142, 144 

Speice occupied by apparatus, 75 
Specific heat, 49 

of water, 241, 300 

Spray nozzles, 267 
Stage feed heating, 237, 244 
Standard hard water, 37 
Stanhope softener, 73 
Steam, properties of, 155 

— table, 295 

— velocity of, 167 
Stromeyer on softening, 24 
Suction lift of pumps, 276 
Sulphate of lime, 15, 34 

— magnesia, 16 
Surface condenser, 189 



307 



Digitized by LjOOQ IC 



INDEX 



Temperature, 149 
— of evaporation, 142 
Tension of water vapoiir, 281 
Tests of softened water, 60, 63 
Thermometer scales, 298 
Towers, cooling, 260 
Tubular feed heaters, 239 
Tiirbulent flow, 161 



U 



Units, 296 

— of heat, 151 

— work, 161 



Vacuum, high, 177 

— steam table, 292 
Vapours, mixed, 155 

— pressure, 292 

— specific gravity of, 290 

— tension of, 289, 290 

— volume of, 290 
Velocity of steam, 167 

W 
Walls, retaining, 91 



Water acid, 139 

Water and mercury, equivalent 
of, 291 

— as affected by geological 

chalk, 123 

— corrections, 8 

Water, circulating, 177, 267 

— cooling, 266 

— effects of pure, 4 

— flow in pipes of, 277 

— for condensation, 158 

— hard, 37, 39 

— its sources, 7 

— pressure and head, 273 

— properties of, 17, 144 

— pure, 121 

— river, 9 

— salts in, 13 

— sea, 145 

— soft, 9 

— soluble powers of, 41 

— specific gravity of, 290 
heat of, 241 

— tension of vapour, 289, 290 

— vapour density, 290 

— weight per cubic foot, 144 
Weir f^ heater, 84 
Wollfwton softener, 76 
Work, unit of, 151 
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Marine-Engine Design In Press. 

and CHAFFEE, J. I. Cottrse of Graphic Statics Applied 

to Mechanical Engineering In Press, 

CHAMBER'S MATHEMATICAL TABLES, consisting of 

I/Ogarithms of Numbers 1 to 108,000, Trigonometrical, Nautical 
and other Tables. New EdUion. 8vo, cloth $1 . 75 

CHARPENTIER. P. Timber. A Comprehensive Study 

of Wood in all its Aspects, Commercial and Botanical. Show- 
ing the Different Applications and Uses of Timber in Various 
Trades, etc. Translated into English. 8vo, cloth, illus.. .n€<, $6.00 

CHAUVENET, W., Prof. New Method of Correcting. 

Lunar Distances, and Improved Method of Fmding the Error 
and Rate of a Chronometer, by Equal Altitudes. 8vo,doth. $2.00 
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CHILD, C. T. The How and Why of Electricity. A 

Book of Information for non-technical readers, treating of the 
Properties of Electricity, and how it is generated, handled, con- 
trolled, measured and set to work. Also explaining the opera- 
tion of Electrical Apparatus. 8vo, cloth, illustrated $1 .00 

CHRISTIE, W. W. BoUer-waters, Scale, Corrosion, Foam- 
ing. 8vo, cloth, illustrated net, $3.00 

Chimney Design and Theory. A Book for Engineers 

and Architects, with numerous half-tone iUustrations and plates 
of famous chimneys. Second Edition, revised, 8vo, cloth. $3.00 

Furnace Draft: its Production by Mechanical Methods. 

A Handy Reference Book, with figures and tables. 16mo, cloth, 
illustrated. (Van NostraruVa Science Series) $0.50 

CLAPPERTON, 6. Practical Paper-making. A Manual 

for Pa^r-makers and Owners and Managers of Paper Mills, to 
which is appended useful tables, calculations, data, etc., with 
illustrations reproduced from micro-photographs. 12mo, cloth, 
illustrated $2.60 

C]:.ARK, D. K., C.E. A Manual of Rules, Tables and 

Data for Mechanical En^neers. Baaed on the most recent inves- 
tigations. Illustrated with numerous diagrams. 1012 pages. 8vo, 
cloth. Sixth Edition $5.00 

Fuel: its Combustion and Economy; consisting of 

abridgments of Treatise on the Combustion of Coal. By C. W. 
Williams, and the Economy of Fuel, by T. S. Prideaux. With 
extensive additions in recent practice in the Combustion and 
Economy of Fuel, Coal, Coke, Wood, Peat, Petroleum, etc. 
Foyrlh Edition, 12mo, cloth $1 .60 

• The Mechanical Engineer's Pocket-book of Tables, 

Formulse, Rules and Data. A Handy Book of Reference for 
Daily Use in Engineering Practice. 16mo, morocco. Fifth 
Edition, carefully revised throughoiU $3 .00 

Tnunways: Their Construction and Working. Em- 
bracing a comprehensive history of the system, with accounts of 
the various modes of traction, a description of the varieties of 
rolling stock, and ample details of Cost and Working Expenses. 
Secorul Edition, rewritten and greatly enlarged, with upwards of 400 
illustrations. Thick 8vo, cloth $89.00 
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CLARK, J. IL Hew System of Laying Out Railway Twn- 
ouU uuftantly, by inspection from UbleB. 12nK>, dotb. . . $1 .00 

CLAUSEir-THUE, W. The ABC Umversal Commercial 
Qectric Telegraphic Code; speciallv adapted for the use of 
Fioancien, Merchants, Ship-ownere, Broken, Agents, etc. Fourth 

Edition. 8vo, doth $5.00 

Fifth EdUion of tame $7.00 

The A 1 Universal Commercial Electric Telegraphic 

Code. Over 1240 pages and neariy 90,000 variations. 8vo, 
cloth $7.60 

CLEEHAHN, T. IL The Railroad Engineer's Practice. 

Being a Short but Com|^ete Description of the Duties of the 
Young Engineer in Preliminary and Location Surx'eys and in 
Construction. Fourth Edition^ revised and enlarged, illustrated. 
12mo, cloth $1 .50 

CLEVEHGERf S. R. A Treatise on the Method of Gov- 
ernment Surveying as prescribed by the U. S. Congress and Com* 
missioner of the General Land Office, with complete Mathemati* 
cal, Astronomical, and Practical Instructions for the use of the 
United States Surveyors in the field. 16mo, morocco $2 . 50 

CLOUTH, P. Rubber, Gutta-Percha, and Balata. First 

English Translation with Additions and Emendations by the 
Author. With numerous figures, tables, diagrams, and folding 
plates. 8vo, cloth, illustrated : net, $5.00 

COFFm, J. H. C, Prof. Navigation and Nautical Astron- 
omy. Prepared for the use of the U. S. Naval Academy. New 
EdtHon, Revised by Commander Charies Belknap. 52 woodcut 
illustrations. 12mo, cloth net, $3.50 



COLE, R. S., HJl. A Treatise on Photographic Optics. 

Being an account of the Prindples of Optics, so far as they apply 
to photography. 12mo, cloth, 103 illus. and folding plates! . $2 . ^ 



COLLINS, J. E. The Private Book of Useful Alloys and 
Memoranda for Goldsmiths, Jewelers, etc. 18mo, doth SO . 50 

COLLINS, T. B. The Steam Turbine, or the New Enrine. 

8vo, cloth, illustrated In Press. 

COOPER, W. R., H.A. Primary Batteries: Their Con- 
struction and Use. With numerous figures and diagrams. 8vo, 
doth, illustrated ncf, $4.00 
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COPPERTHWAITE. WM. C. Tunnel Shields, and the 
Use of Compressea Air in Subaqueous Works. With numerous 
diagrams and figures. 4to, cloth, illustrated net, $9.00 

COREY, H.T. Water-supply Engineering. Fully illustrated. 

In Press. 

CORNWALL, H. B., Prof. Manual of Blow-pipe Analysis, 

Qualitative and Quantitative. With a Complete System of 
Determinative Mineralogy. 8vo, cloth, with many illustra- 
tions S2.50 

COWELL, W. B. Pure Air, Ozone and Water. A Prac- 
tical Treatise of their Utilization and Value in Oil, Grease, Soap. 
Paint, Glue and other Industries. With tables and figures, 
lirao, cloth, illustrated net, $2 .00 

CRAIG, B. F. Weights and Measures. An Account of 

the Decimal System, with Tables of Conversion for Commercial 
and Scientific Uses. Square d2mo, limp cloth 50 

CROCKER, F. B., Prof. Electric Lighting. A Practical 

Exposition of the Art. For use of Engineers, Students, and 
others interested in the Installation or Operation of Electrical 
Plants. Vol. I. The Generating Plant. New Edition, thoroughly 

revised and rewritten. 8vo, cloth, illustrated $3.00 

Vol. II. Distributing Systems and Lamps. Fifth Edition, 8vo, 
cloth, illustrated $3.00 

and WHEELER, S. S. The Management of Electrical 

Machinery. Being a thoroughly revised and rewritten edition of 
the authors' "Practical Management of Dynamos and Motors." 
With a special chapter by H. A. Foster. 12mo, cloth, illustrated. 

In Press. 

CROSSKEY, L. R. Elementaiy Perspective: Arranged to 

meet the requirements of Architects and Draughtsmen, and of 
Art Students preparing for the elementary examination of the 
Science and Art Department, South Kensmgton. With numer- 
ous full-page plates and diagrams. 8vo, cloth, illustrated . . $1 . 00 

and THAW, J, Advanced Perspective, involving the 

Drawine of Objects when placed in Oblique Positions, Shadows 
and Rejections. Arranged to meet the requirements of Archi- 
tects, Draughtsmen, and Students preparing for the Perspective 
Examination of the Education Department. With numerous full- 
page plates and diagrams. 8vo. cloth, illustrated $1 . 60 
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DAVIESy E. H. Hachineiy for Metalliferous Mines. 

A Practical Treatifle for Mining Engineers, Metallurgista and 
Managers of Mines. With upwards of 400 illustrations. Second 
EdUion, rewriUen and enlarged, 8vo, doth net, $8.00 

DAVIESy D. C. A Treatise on Metalliferous Minerals and 

Mining. Sixth EdUion, thoroughly reviaed and much enlarged bv his 
son. 8vo, cloth net, 95.00 

Mining Machinery In Press. 

DAVISON, G. C, Lieut. Water-tube Boilers In Press. 

DAY, C. The Indicator and its Diagrams. With Chap- 
ters on Engine and Boiler Testing; including a Table of Piston 
Constants compiled by W. H. Fowler. 12mo, cloth. 125 illus- 
trations $2.00 

DEITE, Dr. C. Manual of Soapmaking, including medi- 
cated soaps, stain-removing soaps, metal polishing soaps, soap 
powders ana detergents. With a treatise on perfumes for scented 
soaps, and their production and tests for purity and strength. 
I'Mited from the text of numerous experts. Translated from the 
original by S. I. King, F.C.S. With figures. 4to, cloth, illustrated. 

net, $5.00 

DE LA COUX, H. The Industrial Uses of Water. With 

numerous tables, figures, and diagrams. Translated from the 
French and revised by Arthur Morris. 8vo, cloth net, $4.50 

DENNY, 6. A. Deep-level Mines of the Rand, and their 

future development, considered from the commercial point of 
view. With folding plates, diagrams, and tables. 4to, cloth, 
illustrated net, $10.00 

DERR, W. L. Block Signal Operation. A Practical 

Manual. Pocket Size. Oblong, cloth. Second Edition $1 .50 

DIBDIN, W. J. Public Lighting by Gas and Electricity. 

With tables, diagrams, engravings and full-page plates. 8vo, 
doth, illustrated net, $8.00 

Purification of Sewage and Water. With tables, 

en^^ravings, and folding plates Third Edition, revised and 
8yo, dothi illus. and numerous folding plates. ... $6.50 
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DIETERICH, K. Analysis of Resins, Balsams, and Gum 

Resins: their Chemistry and Pharmacognosis. For the use of 
the Scientific and Technical Research Chemist. With a Bibliog- 
raphy. Translated from the German, by Chas. Salter. 8vo. 
cloth ne/, $3 .00 

DIXON, D. B. The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules and Prob- 
lems arithmetically solved, together with General 'Information 
applicable to Shop-tools, Mill-gearing, Pulleys and Shafts, Steam- 
boilers and Engines. Embracing valuable Tables and Instruc- 
tion in Screw-cutting, Valve and Link Motion, etc. Third Edition. 
16mo, full morocco, pocket form $1 . 25 

DOBLE, W. A. Power Plant Construction on the Pacific 

Coast In Press. 

DODD, GEO. Dictionary of Manufactures, Mining, Ma- 
chinery, and the Industrial Arts. 12mo, cloth $1 .50 

DORR, B. F. The Surveyor's Guide and Pocket Table- 
book. Fifth Edition, thorovMy revised and greatly extended. 
With a second appendix up to date. 16mo, morocco flaps. . $2 . 00 

DRAPER, C. H. An Elementary Text-book of Light, 

Heat and Sound, with Numerous Examples. Fourth Edition. 
12mo, cloth, illustrated $1 .00 

Heat and the Principles of Thermo-dynamics. With 

many illustrations and numerical examples. 12mo, cloth. . . $1 . 50 

DYSON, S. S. Practical Testing of Raw Materials. A 

Concise Handbook for Manufacturers, Merchants, and Users of 
Chemicals, Oils, Fuels, Gas Residuals and By-products, and 
Paper-making Materials, with Chapters on Water Analysis and 
the Testing of Trade Effluents. 8vo, cloth, illustrations, 177 
pages net, $5.00 

ECCLES, R. G. (Dr.), and DUCKWALL, E. W. Food Pre- 
servatives: their Advantages and Proper Use; The Practical 
versus the Theoretical Side of the Pure Food Problem. 8vo, 

paper $0.50 

Cloth 1.00 

EDDY, H. T., Prof. Researches in Graphical Statics. 

Embracing New Constructions in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal Stress 
in Graphical Statics. 8vo, cloth $1 .50 
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EDDY, H. T., Prof. Maximum Stresses under Concentrated 

Loads. Treated graphically. Illustrated. 8vo, cloth. .. . $1.50 

EISSLER, M. The Metallurgy of Gold. A Practical Treatise 

on the 'Metallurgical Treatment of Gold-bearing Ores, including 
the Processes of Concentration and Chlorination, and the Assay- 
ing, Melting and Refining of Gold. Fifth Edition, revised and 
greatly enlarged. Over 300 illustrations and numerous folding 
plates. 8vo, cloth $7 . 50 

The Hydro-Metallurgy of Copper. Being an Account 

of processes adopted in the Hydro-metallurgical Treatment of 
Cupriferous Ores, including the Manufacture of Copper Vitriol. 
With chapters on the sources of supply of Copper and the Roasting 
of Copper Ores. With numerous diagrams and figures. 8vo, 
cloth, Illustrated net, $4 . 50 

The Metallurgy of Silver. A Practical Treatise on the 

Amalgamation, Roasting and Lixiviation of Silver Ores, includins< 
the Assaying, Melting and Refining of Silver Bullion. 124 
illustrations. Second Edition^ enlarged, 8vo, cloth $4 . 00 

The Metallurgy of Argentiferous Lead. A Practical 

Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on Various Smelting Estabfish- 
ments and Descriptions of Modem Smelting Furnaces and Plants 
in Europe and America. With 183 illustrations. 8vo, cloth, 

S5.00 

Cyanide Process for the Extraction of Gold and its 

Practical Application on the Witwatersrand Gold Fields in South 
Africa. Third Edition, revised and enlarged. Illustrations and 
folding plates. 8vo, cloth $3.00 

A Handbook on Modem Explosives. Being a Prac^ 

tical Treatise on the Manufacture and Use of Dynamite, Gun- 
cotton, Nitroglycerine, and other Explosive Compounds, in- 
cluding the manufacture of Collodion-cotton, with chapters on 
Explosives in Practical Application. Second Edition, enlarged 
with 150 illustrations, 12mo, cloth $5.00 

ELIOT, C. W., and STORER, F. H. A Compendious. 

Manual of Qualitative Chemical Analysis. Revised with the co- 
operation of the authors, by Prof. William R. Nichols. Illus- 
trated. Twentieth Edition, newly revised by Prof. W. B. Lindsay. 
12mo, cloth nfif, $1.26 
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ELLIOT, 6. H.y Maj. European Light-house Systems. 

Being a Report of a Tour of Inspection made in 1873. 51 en- 
gravings and 21 woodcuts. 8vo, cloth $5.00 

ERFURT, J. Dyeing of Paper Pulp. A Practical Treatise 

for the use of paper-makers, paper-stainers, students and otiiers, 
With illustrations and 157 patterns of paper dyed in the pulp, 
with formulas for each. Translated into English and edited, 
with additions, by Julius Hiibner, F.C.S. 8vo, cloth, illus- 
trated net, $7.50 

EVERETT, J. D. Elementary Text-hook of Physics. 

Illustrated. Seventh Edition. 12mo, cloth $1 .50 

EWING, A. J., Prof. The Magnetic Induction in Iron 

and other metals. Third Edition, remeed. 159 illustrations. 
8vo, cloth $4.00 

FAIRIE, J., F.G.S. Notes on Lead Ores: Their Distribu- 
tion and Properties. 12mo, cloth $1 .00 

Notes on Pottery Clays: The Distribution, Properties, 

Uses and Analysis of Ball Clays, China Clays and China Stone. 
With tables and formulae. 12mo, cloth $1 . 50 

FANNING, J. T. A Practical Treatise on Hydraulic and 

Water-supply Engineering. Relating to the Hydrology, Hydro- 
dynamics and Practical Construction of Water-works in North 
America. 180 illus. 8vo, cloth. Fifteenth Edition, revised, en- 
larged, and new tables and illiistraiions added. 650 pp $5 . 00 

FAY, I. W. The Coal-tar Colors: Their Origin and Chem- 
istry. 8vo, cloth, illustrated In Press 

FISH, J. C. L. Lettering of Wo king Drawings. Thir- 
teen plates, with descriptive text. Oblong, 9 X 1 2i, boards . $1 . 00 

FISHER, H. K. C, and DARBY, W. C. Students' Guide 

to Submarine Cable Testing. Third (new and enlarged) Edin 
Hon. 8vo, cloth, illustrated $3 . 50 

FISHER, W. C. The Potentiometer and its Adjuncts. 
8vo, cloth $2.25 

FISKE, B. A., Lieut, U.S.N. Electricity in Theory and 

Practice ; or. The Elements of Electrical Engineering. Eighth 
Edition. 8vo, cloth $2.50 
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FLEISCHMANIf y W. The Book of the Dairy. A Manual 

of the Science and Practice of Dairy Work. Translated from 
the German, by C. M. Aikman and R. Patrick Wright. 8vo, 
cloth $4.00 

FLEMING, J. A.y Prof. The Alternate-current Trans- 
former in Theory and Practice. Vol. I., The Induction of Electric 
Currents; 611 pi^es. TSTeto ^di^ion, illustrated. 8vo, cloth, $5.00 
Vol. II., The Utilization of Induced Currents. Illustrated. 8vo, 
cloth $5.00 

Centenaiy of the Electrical Current, 1799-1899. 

Svo, paper, Ulustrated $0 . 50 

Electric Lamps and Electric Lighting. Being a 

course of four lectures delivered at the Royal Institution, April- 
May, 1894. 8vo, cloth, fully illustrated $3.00 

Electrical Laboratory Notes and Forms, Elementary 

and Advanced. 4to, cloth, illustrated $5.00 

A Handbook for the Electrical Laboratory and Test- 
ing Room. 2 volumes. 8vo, cloth each $5 . 00 

FLEURY, H. The Calculus Without Limits or Infinitesi- 
mals. Translated by C. O. Mailloux In Press 

FOLEY, N., and PRAY, THOS., Jr. The Mechanical 

Engineers' Reference Book for Machine and Boiler Construction, 
in two parts. Part 1 — General Engineering Data. Part 2 — 
Boiler Construction. With 51 plates and numerous illustrations, 
specially drawn for this work. Folio, half morocco $25.00 

FORNEY, M. N. Catechism of the Locomotive. Second 

Edition, revised and enlarged, 46th thousand. 8vo« cloth. .$3.50 

FOSTER, H. A. Electrical Engineers' Pocket-book. With 

the Collaboration of Eminent Specialists. A handbook of useful 
data for Electricians and Electrical Engineers. With innumer, 
able tables* diagrams, and figures. Third Edition, revised. 
Pocket size, full leather, 1000 pp $5.00 

FOSTER, J. G.y Gen., n.S.A. Submarine Blasting in 

Boston Harbor, Massachusetts. Removal of Tower and Corwin 
Rocks. Illustrated with 7 plates. 4to, cloth $3.60 



Digitized by LjOOQ IC 



SCIENTIFIC PUBLICATIONS. 19 

FOSTER, J. Treatise on the Evaporation of Saccharine, 

Chemical and other Liquids by the Multiple System in Vacuum 
and Open Air. Third Edition. Diagrams and large plates. 
8vo, cloth $7.50 

FOX, WM., and THOMAS, C. W., M.E. A Practical 

Course in Mechanical Drawing. Second Edition, revised. 12mo, 
cloth, with plates $1 . 25 

FRANCIS, J. B., C.E. Lowell Hydraulic Experiments. 

Beine a selection from experiments on Hydraulic Motors on 
the Flow of Water over Weirs, in Open Canals of uniform rect- 
angular section, and through submeiged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth Edition, revised ar^L 
enlarged, with many new experiments, and illustrated with "23 
copper-plate engravmgs. 4to, cloth $15.00 

FRASER, R. H., and CLARE:, C. H. Marine Engineering. 

In Press. 

FULLER, G. W. Report on the Livestigations into the 

Purification of the Ohio River Water at Louisville, Kentucky, 
made to the President and Directors of .the Louisville Water 
Company. Published under agreement with the Directors. 
3 full-page plates. 4to, cloth net, $10.00 

FURNELL, J. Students' Manual of Paints, Colors, Oils 

and Varnishes. 8vo, cloth, illustrated net, SI .00 

GARCKEi E., nd FELLS, J. M. Factory Accounts: 

their principles and practice. A handbook for accountants and 
manumcturers, with appendices on the nomenclature of machine 
details, the rating of factories, fire and boiler insurance, the 
factory and workshop acts, etc., including also a large number 
of specimen rulings. Fifth Edition, revised and extended. 8vo, 
cloth, illustrated $3.00 

6EIEIE, J. Structural and Field Geology, for Students of 

Pure and Applied Science. With figures, diagrams, and half- 
tone plates. 8vo, cloth, illustrated net, $4.00 

GEIPEL, WM., and KILGOUR, M. H. A Pocket-book 

of Electrical Engineering Formuls. lUus. 18mo., mor. net, $3 .00 

GERBER, N. Chemical and Physical Analysis of Milk, 

Condensed Milk, and Infants' Milk-food. 8vo, cloth $1 . 25 

GERHARD, WM. P. Sanitary Engineering. i2mo, 
doth $1 .25 
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GESCHWIND, L. Manufacture of Alum and Sulphates, 

and other Salts of Alumina and Iron; their uses and applications 
as mordants in dyeing and calico printing;, and their other appli- 
cations in the Arts, Manufactures, Sanitary Engineering, Agri- 
culture and Horticulture. Trandated from the French by 
Charles Salter. With tables, figures and diagrams. 8vo, cloth, 
illustrated net, $5.00 

GIBBS, W. E. Lighting by Acetylene, Generators, Burners 

and Electric Furnaces. With ^6 illustrations. Second Edition, 
revised, 12mo, cloth SI . 50 

GILLMORE, Q. A., Gen. Treatise on Limes, Hydraulic 

Cements and Mortars. Papers on Practical Engineering, United 
States Engineer Department, No. 9, containing Reports of nu- 
merous Experiments conducted in New York City during the 
years 1858 to 1861, inclusive. With numerous illustrations. 
8vo, cloth $4 .00 

Practical Treatise on the Construction of Roads, 

Streets and Pavements. Tenth Edition. With 70 illustrations 
12mo, cloth $2.00 

Report on Strength of the Building Stones in the 

United States, etc. 8vo, illustrated, cloth $1 .00 

GOLDING, H. A. The Theta-Phi Diagram. Practically 

Applied to Steam, Gas, Oil and Air Engines. 12mo, cloth, 
illustrated nc^ $1 .25 

GOGDEVE, T. M. A Text-book on the Steam-engine. 

With a Supplement on Gas-engines. Twelfth Edition, enlarged. 
143 illustrations. 12mo, cloth S2.00 

GGRE, G., F.R.S. The Art of Electrolytic Separation of 

Metals, etc. (Theoretical and Practical.) Illustrated. 8vo, 
cloth S3 . 50 

GOULD, E. 8. The Arithmetic of the Steam-engine. 
8vo, cloth $1 .00 

Practical Hydrostatics and Hydrostatic Formulas. 

With numerous figures and diagrams. {Van No8trand*8 Science 
Series.) 16mo, cloth, illustrated, 114 pp $0. 50 
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GRAY, J., B.Sc. Electrical Influence Machines: Their 

Historical Development, and Modern Forms, with instructiona 
for making them. With numerous figures and diagrams. Second 
Edition, revised and enlarged. 12mo, cloth, illus., 296 pp S2.00 

GREENWOOD, E. Classified Guide to Technical and Com- 
mercial Books. Subject List of Principal British and American 
Works in print. 8vo, cloth net, $3 .00 

GRIFFITHS, A. B., Ph.D. A Treatise on Manures, or 

the Philosophy of Manuring. A Practical Handbook for the 
Agriculturist, Manufacturer, and Student. 12mo, cloth. . . $3.00 

Dental Metallurgy. A Manual for Students and 

Dentists. 8vo, cloth, illustrated, 208 pp net, $3.50 

GROSS, E. Hops, in their Botanical, Agricultural and 

Technical Aspect, and as an article of Commerce. Translated 
from the German by Charles Salter With tables, diagrams, 
and illustrations. 8vo, cloth, illustrated net, $4.50 

GROVER, F. Practical Treatise on Modem Gas and 

Oil Engines. 8vo, cloth, illustrated net, $2.00 

GRUNER, A. Power-loom Weaving and Yam Number- 
ing, according to various systems, with conversion tables. An 
auxiliary and text-book for pupils of weaving schools, as well 
as for self -instruct ion, and for general use by those engaged in 
the weaving industry. Illustrated with colored diagrams. 8vo, 
cloth ne^ $3.00 

GURDEN, R. L. Traverse Tables: Computed to Four- 

Blace Decimals for every single minute of angle up to 100 of 
distance. For the use of Surveyors and Engineers. New Edition. 
Folio, half morocco $7 . 50 

GUY, A. E. Experiments on the Flexure of Beams, 

resulting in the Discovery of New Laws of Failure by Buckling. 
Reprinted from the "American Machinist." With diagrams and 
folding plates. 8vo, cloth, illustrated, 122 pages net, $1.25 

GUY, A. F. Electric Light and Power: Giving the Result 

of Practical Experience in Central-station Work. 8vo, cloth, 
illustrated $2.60 
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HAEDERy H., C.E. A Handbook on the Steam-engine. 

With especial reference to small and mediuro-flized engines For 
the uw of Engine-makers, Mechanical Draughtsmen, Engineer- 
ing Students and l-sera of Steam Power. Translated from the 
German, with considerable additions and alterations, by H. H. 
P. Powles. Third Engliah Edition, revised. 8vo, doth, illus- 
trated. 45H pages $3 00 

HALL, C. H. Chemistry of Paints and Paint Vehicles. 

Kvo, cloth net, $2 5Al 

HALLy W. S.| Prof. Elements of the Differential and 

Integral Calculus. Sixth EdUum, rermed. 8vo, cloth, ilhist rated . 

net, $2.15 

Descriptive Geometry, with Nmnerous Problems and 

Practical Applications. Comprising an 8vo volume of 76 pa^s 
of text and a 4to atlas of 31 plates. 2 vols., cloth nt^/, $3 50 

HALSEY, F. A. Slide-valve Gears. An Explanation of 

the Anion and Construction of Plain and Cut-off Slide Valves. 
Illustrated. Seventh Edition. 12mo, cloth $1 . 60 

The Use of the Slide Rule. With illustrations and 

folding plates. Second Edition 16mo, boards. (Van Nos- 
trand's Science Series, No. 1 14.) 50 

— — The Locomotive Link Motion, with Diagrams and 

Tables, 8vo, cloth, illustrated $1 .00 

-—Worm and Spiral Gearing. Revised and Enlarged 

Edition* 16mo, cloth {Van Noetrarufa Science Series, No. 116.) 
Illustrated 50 

The Metric Fallacy, and *'The Metric Failure in 

the Textile Industry," by Samuel S. Dale. 8vo, cloth, illus- 
trated SI . 00 

HAMILTON, W. G. Useful Information for Railway 

Men. Tenth Edition, revised and enlarged* 562 pages, pocket 
form. Morocco, gilt S2.00 

HAMMER, W. jf. Radium, and Other Radio-active Sub- 
stances; Polonium, Actinium and Thorium. With a considera- 
tion of Phosphorescent and Fluorescent Substances, the Proper- 
ties and Applications of Selenium, and the treatment of disease 
by tlie Ultra- Violet Light. Second Edition. With engravings 
and photographio plates. 8vo, cloth, illustrated, 72 pp... $1.00 
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HANCOCK, H. Tezt-book of Mechanics and Hydro- 
statics, with over 500 diagrams. 8vo, cloth $1 . 75 

HARDY, E. Elementary Principles of Graphic Statics. 

Containing 192 diagrams. 8vo, cloth, illustrated $1 .50 

HARRISON, W. B. The Mechanics* Tool-book. With 

Practical Rules and Suggestions for use of Machinists, Iron- 
workers and others. Wit-n 44 engravings. 12mo, cloth $1 .60 

HART, J. W. External Plumbing Work. A Treatise on 

Lead Work for Roofs. With numerous figures and diagrams. 
8vo, cloth, illustrated. . ne<, $3.00 

Hints to Plumbers on Joint Wiping, Pipe Bending, 

and Lead Burning. Containing 184 figures and diagrams. Svo, 
cloth, illustrated net, $3.00 

Principles of Hot-water Supply. With numerous 

illustrations. Svo, cloth net, $3 .00 

Sanitary Plumbing and Drainage. With numerous 

diagrams and figures. Svo, doth, illustrated net, $3.00 

HASKINS, C. H. The Galvanometer and its Uses. A 

Manual for Electricians and Students. Fourth EdxtUm, 12mo 
cloth $1 . 50 

HAUFF, W. A. American Multiplier: Multiplications and 

Divisions of the largest numbers rapidly performed. With index 
ffiving the results instantly of all numbers to lOOOX 1000 » 1.000,- 
000; also tables of circumferences and areas of circles. Cloth, 
6}Xl5i $5.00 

HAUSBRAND, E. Drying by Means of Air and Steam. 

With explanations, formulas, and tables, for use in practice. 
TranslatCKi from the German by A. C. Wright, M.A. 12mo, 
doth, illustrated net, $2.00 

Evaporating, Condensing and Cooling Apparatus: 

ESxplanations, Formulae, and Tables for Use in Practice. Trans- 
lated from the Second Revised German Edition by A. C. Wright, 
M.A. With numerous figures, tables and diagrams. Svo, cloth 
illustrated. 400 pages net, $5.00 
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HAXJSNER, A. Manufacture of Preserved Foods and 

Sweetmeats. A Handbook of all the Processes for the Preserva- 
tion of Flesh, Fruit, and Vegetables, and for the Preparation of 
Dried Fruit, Dried Vegetables, Marmalades, Fruit-syrups, and 
Fermented Beverages, and of all kinds of Candies, Candied Fruit 
Sweetmeats, Rocks, Drops, Dragees, Pralines, etc. Translated 
from the Third Enlarged German Edition, by Arthur Morris and 
Herbert Robson, BJQc, 8vo, cloth, illustrated net, $3.00 

HAWKE, W. H. The Premier Cipher Telegraphic Code, 

containing 100,000 Words and Phrases. The most complete and 
most useful general code yet published. 4to, cloth $5.00 

100,000 Words Supplement to the Premier Code. 

All the words are selected from the official vocabulary. Oblong 
quarto, cloth $5.00 

HAWKINS, C. C.y and WALLIS, F. The Dynamo: its 

Theory, Design, and Manufacture. 190 illustrations. 12mo, 
cloth net, $3.00 

HAY, A. Alternating Currents. 8v0| cloth, illustrated. 

net, $2.50 

Principles of Alternate-current Working. i2mo. 

doth, illustrated $2.00 

HEAP, D. P., Major, n.S.A. Electrical Appliances of 

the Present Day. Report of the Paris Electrical Exposition of 
1881. 250 illustrations. 8vo, cloth $2.00 

HEAVISIDE, 0. Electromagnetic Theory. 8vo, cloth, 
two volumes each, $5 . 00 

HECK, R. C. H. Steam-Engine and Other Steam Motors. 

A text-book for engineering colleses and a treatise for engineers. 
Vol. I. The Thermodynamics and the Mechanics of the Engine. 
With numerous figiues, diagrams, and tables. 8vo, cloth, illus- 
trated net, $3.50 

Vol. II. Form, Construction, and Working of the Engine: The 
Steam Turbine. 8vo, cloth, illustrated net, $3.50 

HEDGES, K. Modem lightning Conductors. An Illus- 
trated Supplement to the Report of the Lightning Research Com- 
mittee of 1905, with Notes as to Methods of Prot^tion and Speci- 
fications. With figures, half-tones, and folding tables. 8vo, cloth, 
illustrated net, $3.00 

HEERMAinVy P. Dyers' Materials. An Introduction to 

the Examination, Valuation, and Application of the most impor- 
tant substances used in Dyeing, Printing, Bleaching and Finish- 
ing. Translated by Arthur C. Wright, M.A. 12mo, cloth, iUua- 
tiated fie<, $2.60 
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HENRICI, 0. Skeleton Structures, Applied to the Build- 
ing of Steel and Iron Bridges. 8vo, cloth, illustrated $1 . 50 

HERMANN, F. Painting on Glass and Porcelain and 

Enamel Painting. On the basis of Personal Practical Experience 
of the Condition of the Art up to date. Translated by Charles 
Salter. Second greaUy enlarged edition. 8vo, cloth, illustrated, 

Tie/, $3.50 

HERRMANN, G. The Graphical Statics of Mechanism. 

A Guide for the Use of Machinists, Architects and Engineers; and 
also a Text-book for Technical Schools. Translated and anno- 
tated by A. P. Smith, M.E. Fourth Edition. 12mo, cloth, 7 
folding plates $2.00 

HERZFELD, J., Dr. The Technical Testing of Yams and 

Textile Fabrics, with reference to official specifications. Trans- 
lated by Chas. Salter. With 69 illustrations. 8vo, cloth net, $3. SO 

HEWSON, W. Principles and Practice of Embanking 

Lands from River Floods, as applied to the Levees of the Missis- 
sippi. 8vo, cloth $2 . 00 

HILL, J. W. The Purification of Public Water Supplies. 

Dlustrated with valuable tables, diagrams, and cuts. 8vo, 
cloth $3 .00 

HIROI, I. Statically-Lideterminate Stresses in Frames 

Commonly Used for Bridges. With figures, diagrams, and ex- 
amples. 12mo, cloth, illustrated net, $2.00 

HOBBS, W. R. P. The Arithmetic of Electrical Measure- 
ments, with numerous examples, fully worked. Revised by 
Richard Wormell, M.A. NirUh Edition. 12mo, cloth 50 

HOFFy J. N. Paint and Varnish Facts and Formulas. A 

hand-book for the maker, dealer, and user of paints and var- 
nishes. Containing over 600 recipes. Svo, cloth net, $3.00 

HOFF, WM. B., Com., n.S.N. The Avoidance of Collisions 

at Sea. 18mo, morocco 75 

HOLLEY, A. L. Railway Practice. American and Euro- 
pean Railway Practice in the Economical Generation of Steam, 
including the Materials and Construction of Coal-burning Boilers, 
Combustion, the Variable Blast, Vaporization, Circulation, Super- 
heating, Supplying and Heating Feed Water, etc., and the 
Adaptation of Wood and Coke-burning Engines to Coal-burning; 
and in Permanent Way, including Road-bed, Sleepers, RaiS, 
Joint Fastenings, Street Railways, etc. With 77 lithographed 
plates. Folio, cloth $12.00 
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HOLMES, A. B. The Electric Light Popularly Explained. 

Fifth Edition. Illustrated. 12mo, paper 40 

HOPKINS, N. M. Experimental Electrochemistry: Theo- 
retically and PracticsJly Treated. With 132 figures and dia- 
grams. 8vo, cloth, illustrated net, $3 .00 

Model Engines and Small Boats. New Methods of 

Engine and Boiler Making, with a chapter on Elementary Ship 
Design and Ck>n8truction. 12mo, cloth $1 . 25 

HORNER, J. Engineers* Turning, in Principle and Prac- 
tice. A Handbook for Working Engineers, Technical Students, 
and Amateurs. With 488 figures and diagrams. 8vo, cloth, 
illustrated net, $3.60 

HOUSTON, E. J., and KENNELLY, A. E. Algebra Made 

E^y. Being a clear explanation of the Mathematical Formulae 
found in P?of. Thompson's "Dynamo-electric Machinery and 
Polyphase Electric Currents." With figures and examples. 8vo, 
doth, illustrated 75 

The Interpretation of Mathematical Formulae. With 

figures and examples. 8vo, cloth, illustrated $1 . 25 

HOWARD, C. R. Earthwork Mensuration on the Basis 

of the Plismoidal FonnulsB. Containing Simple and Labor-saving 
Methods of obtaining Prismoidal Contents directly from End 
Areas. Dlustrated by Examples and accompanied by Plain 
Rules for Practical Use. Illustrated. 8vo, cloth $1 . 60 

HOWORTH, J. Art of Repairing and Riveting Glass, 

China and Earthenware. Second Edition. 8vo, pamphlet, illus- 
trated net, $0.50 

HUBBARD, E. The Utilization of Wood-waste. A Com- 
plete Account of the Most Advantageous Methods of Working Up 
Wood Refuse, especially Sawdust, Exhausted Dye Woods and 
Tan as Fuel, as a Source of Chemical Products for Artificial Wood 
Compositions, Explosives, Manures, and many other Technical 
Purposes. Translated from the German of the second revised 
and enlarged edition. 8vo, cloth, illustrated, 192 pages. . net, $2 . 50 

HUMBER, W., C.E. A Handy Book for the Calculation 

of Strains in Girders, and Similar Structures, and their Strength; 
consisting of Formulae and Corresponding Diagrams, with numer- 
ous details for practical application, etc. Fourth Edition. 12mo, 
cloth $2.50 
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HUMPHREYS, A. C. (Stevens Institute). Lecture Notes 
on some of the Business Features of Engineering Practice. 8vo, 
cloth, with supplement net, $1 .25 

HURST, G. H., F.C.S. Color. A Handbook of the Theory 

of Color. A practical work for the Artist, Art Student, Painter, 
Dyer and Calico Printer, and Others. Illustrated with 10 colored 
plates and 72 illustrations. 8vo, cloth net, $2 . 50 

Dictionary of Chemicals and Raw Products Used 

in the Manufacture of Paints, Colors, Varnishes and Allied Prep- 
arations. 8vo, cloth net, $3 .00 

Lubricating OilS| Fats and Greases: Their Origin, 

Preparation, Properties, Uses and Analysis. 313 pages, with 
65 illustrations. Svo, cloth net, $3.00 

Soaps. A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soaps. Illustrated w^ith 66 engrav- 
ings. Svo, cloth net, S5.00 

Textile Soaps and Oils: A Handbook on the Prepara- 
tion, Properties, and Analysis of the Soaps and Oils Used in 
Textile Manufacturing, Dyeing and Printing. With tables and 
illustrations. Svo, cloth net, $2.50 

HUTCHINSON, R. W., Jr. Long Distance Electric Power 

Transmission: being a Treatise on the Hydro-electric Genera- 
tion of Energy; its Transformation, Transmission, and Distri- 
bution. 12rao, cloth, illustrated In Press. 

and IHLSENG. M. C. Electricity in Mining; being a 

Theoretical and Practical Treatise on the Construction, Opera- 
tion, and Maintenance of Electrical Mining Machinery. 12mo, 
cloth, illustrated In Press, 

HUTCHINSON, W. B. Patents and How to Make Money 

out of Them. 12mo, cloth $1 . 25 

HUTTON, W. S. Steam-boiler Construction. A Practical 

Handbook for Engineers, Boilei^makers and Steam-users. Con- 
taining a large collection of rules and data relating to recent 
practice in the design, construction and working of ail kinds 
of stationary, locomotive and marine steam-boilers. With up- 
wards of 540 illustrations. Fourth Edition, carefvUy revised and 
much enlarged, Svo. cloth $6.00 

Practical Engineer's Handbook, comprising a Treatise 

on Modem Engines and Boilers, Marine, Locomotive and Station- 
ary. Fourth Edition, carefully revised, vnth additions. With 
upwards of 570 illustrations. Svo, doth $7 .00 
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HUTTON, W. S. The Works' Manager's Handbook of 

Modern Rules, Tables and Data for Civil and Mechanical Engi- 
neers, Millwrights and Boiler-makers, etc., etc. With upwards of 
150 illustrations. Fifth Edition j carefully revised, with additions. 
8vo, cloth $6.00 

INGLE, H. Manual of Agricultural Chemistry. 8vo, 
cloth, illustrated, 388 pages net, $3.00 

INNES, C. H. Problems in Machine Design. For the 

use of Students, Draughtsmen and others. Second Edition, 12mo, 
cloth net, $2.00 

Centrifugal Pumps, Turbines and Water Motors. In- 
cluding the Theory and Practice of Hydraulics. Third and enlaced 
edition. 12mo, cloth net, S2.00 



ISHERWOOD, B. F. Engineering Precedents for Steam 

Machinery. Arranged in the most practical and useful manner 
for Engineers. With illustrations. Two volumes in one. 8vo, 
cloth $2.50 

JAMIESON, A., C.E. A Text-book on Steam and Steam- 
engines. Specially arranged for the use of Science and Art, City 
and Guilds of London Institute, and other Engineering Students. 
Thirteenth Edition. Illustrated. 12mo, cloth $3 .00 

Elementary Manual on Steam and the Steam-engine. 

Specially arranged for the use of First-year Science and Art, City 
and Guilds of London Institute, and other Elementary Engineer- 
ing Students. Third Edition. 12mo, cloth $1 . 50 

JANNETTAZ, E. A Guide to the Determination of Rocks: 

being an Introduction to Lithology. Translated from the French 
by G. W. Plympton, Professor of Physical Science at Brooklyn 
Polytechnic Institute. 12mo, cloth $1 . 50 

JEHL, F., Mem. A.I.E.E. The Manufacture of Carbons 

for Electric Lighting and Other Purposes, A Practical Handbook, 
giving a complete description of the art of making cari>ons, electros, 
etc. The various gas generators and furnaces used in carbonizing, 
with a plan for a model factory. Illustrated with numerous dia- 
grams, tables, and folding plates. 8 vo , cloth , illust rated. .net, $4 . 00 

JENNISON, F. H. The Manufacture of Lake Pigments 

from Artificial Colors. A useful handbook for color manufac- 
turers, dyers, color chemists, paint manufacturers, drysalters, 
wallpaper-makers, enamel and surface-paper makers. With 16 
plates illustrating the various methods and errors that arise in 
the different processes of production. 8vo, cloth net, $3.00 
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JEPSONy G. Cams, and the Principles of their Construe* 

tion. With figures, half-tones, full-page and folding plates. 8vo, 
cloth, illustrated net, $1 .60 

JOCKIN, WM. Arithmetic of the Gold and Silversmith. 

Prepared for the use of Jewelers, Founders, Merchants,^ etc., 
especially for those engaged in the conversion and alloying of 
gold or other metals, the mixing of various substances, etc. 
With numerous examples. 12mo, cloth $1 .25 

JOHNSON, W. McA. "The Metallurgy of Nickel." In Press. 

JOHNSTON, J. F. W., Prof., and CAMERON, Sir Chas. 

Elements of Agricultural Chemistry and Geology. Seventeenth 
Edition, 12mo, cloth $2.60 

JONES, H. C. Outlines of Electrochemistry. With 

tables and diagrams. 4to, cloth, illustrated $1 . 50 

Electrical Nature of Matter and Radioactivity. i2mo, 

cloth net, $2.00 

JONES, M. W. The Testing and Valuation of Raw Mate- 
rials used in Paint and Color Manufacture. 1 2mo, cloth, .net ^ $2,00 

JOYNSON, F. H. The Metals Used in Construction. 

Iron, Steel, Bessemer Metal, etc. Illustrated. 12mo, cloth. . . .75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth $2.00 

jtJPTNER, H. F. V. Siderology: The Science of Iron. 

(The Constitution of Iron Alloys and Iron.) Translated from 
the German. 8vo, cloth, 345 pages, illustrated net, $5.00 

KANSAS CITY BRIDGE, THE. With an Account of 

the Regimen of the Missouri River and a Description of the 
Methods used for Founding in that River, by O. Chanute, Chief 
Engineer, and George Morison, Assistant Engineer. Illustrated 
with 5 lithographic views and 1 2 plates of plans. 4to, cloth. $6 . 00 

KAPP, G., C.E. Electric Transmission of Energy and 

its Transformation, Subdivision and Distribution. A practical 
handbook. Fourth Edition, revised, 12mo, cloth $3 . 50 

-Dynamos, Motors, Alternators and Rotary Con- 
verters. Translated from the third German edition, by Harold 
H. Simmons, A.M.I.E.E. With numerous diagrams and figures. 
8vo, cloth, 507 pages $4.00 
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KEIMf A« W« Pmrmtko of DttnpaeM in 

With li4»iuMiMi cm the Cmimm, Nsium Bud EffecU of Saline J 
rHuoetiooi Afui Dry Rot. For Architects, Buildetv, Oven 
I'Utfterani, FiUoteni wid Uoum Ownen. Tmuimted from t^ 
§ecun4 rwiaed, German ediiion. With colored plates azid 4fift- 
Smitf. tivo, doth, UitMtr»ted, 116 |M«ei. amT, t2.00 

KEL8EY, W* It Contisittotii-ctirre&t Dynamos and 

Moioni, And tlieir Control: Mnx a ■eries of ertideB reprinted 
from TAe Praeiieal Engineer, and completed by W. R. Kcifley 
With maox figurat and diagrama. 8%'o, doth, nfuatrated. . .$2.50 

KEMP. J. F., A.B., B.1L A Handbook of Rocki. For Uae 

withoiit the microecope. With a gloaaair of the names of rocks 
and of otiier lithologicai tenns. Third EdtUon, revitd, 8vo. 
cloth, iUustrst«d $1 .50 

KEMPS. H. R. The Electrical Engineer's Pocket-book 

of Modem Rules, FormuLc, Tables and DaU. Illqst rated. 
32mo, morocco, i^llt $1 .75 

KENVEDY^ It Modern Engines and Power GeneratoiB. 

A Practical Work on Prime Moveri and the TrananisBioo of 
Power: Btcam, Klectric, Water, and Hot-air. With tables, fig- 
ures, and full-psfe engravins*. 6 vols. 8vo, doth, illustrated. 

$15.00 
Single volumas, each S3.00 

Electrical Installations of Electric Ligbt, Power, 

Traction, and Industrial Electrical Machinery. With numerous 
diagrams and engravings. 

-— Vol. L The Electrical Circniti Measurement, Ele- 
ments of Motors, D3mamos, Electrolyds. 8vo, doth, illus . . $3.50 

— Vol. n. Instruments, Transformers, Installation Wir- 
ing, Bwitches and Switchboards. 8vo, doth, illustrated $3.50 

Vol. in. Production of Electrical Energy, Prime 

Movers, Oeneratom and Moton. 8vo, doth, illustrated. . . $3.50 

— VoL IV. Mechanical Gearing; Complete Electric In- 
stallations; Electrol3rtic, Mining and Heating Apparatus; Electric 
Traction; Special Applications of Electric Motors. 8vo, doth, 
m ustrated $3.50 
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KENNEDY. R. Vol. V. Apparatus and Machinery used in 

Telegraphs, Telephones, Sieoals, Wireless Telegraph, X-Rays, and 

Medical Science. 8vo, cloth, illustrated S3 . 50 

Complete sets of the five volumes $15.00 

KENNELLYy A. E. Theoretical Elements of Electro- 
dynamic Machinery. 8vo, cloth $1 . 50 

EINGDON, J. A. Applied Magnetism. An Introduction 

to the Design of Electromagnetic Apparatus. 8vo, cloth. . $3.00 

KIRKALDY, W. G. Illustrations of David Eirkaldy's 

System of Mechanical Testing, as Originated and Carried on by 
him during a Quarter of a Century. Comprising a Large Selec- 
tion of Tabulated Results, showing the Strength and other Proper- 
ties of Materials used in Construction, with Elxplanatory Text 
and Historical Sketch. Numerous engravings and 25 lithographed 
plates. 4to, cloth $10 .00 

KIRKBRIDE, J. Engraving for Illustration: Historical 

and Practical Notes, with illustrations and 2 plates by ink 
photo process. Svo, cloth, illustrated net, $1 .50 

KIRKWOOD, J. P. Report on the Filtration of * River 

Waters for the Supply of Cities, as practised in Eujope, made 
to the Board of Water Commissioners of the City of St. Louis. 
Illustrated by 30 double-page engravings. 4to, cloth $7.50 

KLEIN, J. F. Design of a High-speed Steam-engine. 

With notes, diagrams, formulas and tables. Second Edition, 
revised and enlarged, Svo, cloth, illustrated. n^, $5.00 

KLEINHANS, F. B. Boiler Construction. A Practical ex- 
planation of the best modern methods of Boiler Construction, 
from the laying out of sheets to the completed Boiler. With 
diagrams and full-page engravings. Svo, cloth, illustrated.. $3. 00 

KNIGHT, A. M.y Lieut.-Com. n.S.N. Modem Seaman- 
ship. Illustrated with 136 full-page plates and diagrams. Svo, 

cloth, illustrated. Second Edition, revised net, $6.00 

Half morocco $7. 60 

KNOTT, C. 6., and MACKAY, J. S. Practical Mathematics. 

With numerous examples, figures and diagrams. New Edition, 
Svo, cloth, illustrated $2.00 
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KOLLER, T. The Utilization of Waste Products. A 

Treatise on the Rational Utilization, Recovery and Treatment 
of Waste Products of all kinds. Translated from the German 
second revised edition. With numerous diagrams. Svo, cloth, 
illustrated n«<, $3.50 

Cosmetics. A Handbook of the Manufacture, Em- 
ployment and Testing of all Cosmetic Materials and Cosmetic 
Specialties. Translate from the German by Chas. Salter. 8vo 
cloth net, $2.60 

KBAXSCR^ C, Dr. Testing of Chemical Reagents for 

Purity. Authorized translation of the Third Edition, by J. A. 
Williamson and L. W. Dupre. With additions and emendations 
by the author. 8vo, cloth net, $4 . 50 

LAMBERT, T. Lead, and its Compounds, With tables, 
diagrams and folding plates. 8vo, cloth net, $3 . 50 

Bone Products and Manures. An Account of 

the most recent improvements in the manufacture of Fat, Glue, 
Animal Charcoal, Size, Gelatine and Manures. With plans and 
diagrams. 8vo, cloth, illustrated net, $3.00 

LAMBORN, L. L. Cottonseed Products: A Manual of the 

Treatment of Cottonseed for its Products and Their Utilization 
in the Arts. With Tables, figures, full-page plates, and a large 
folding map. 8vo, cloth, illustrated /ici, $3.00 

Modem Soaps,' Candles, and Glycerin. A practical 

manual of modern methods of utilization of Fats and Oils in the 
manufacture of Soaps and Candles, and the recovery of Glycerin. 
8vo, cloth, illustrated net, $7.50 

LAMPRECHT, R. Recovery Work after Pit Fires. A 

description of the principal methods pursued, especially in fiery 
mines, and of the various appliances employed, such as respira- 
tory and rescue apparatus, dams, etc. With folding plates and 
diagrams. Translated from the Grerman by Charles Salter. 8vo, 
cloth, illustrated net, $4.00 

LARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. The most perfect 
Secret Code ever invented or discovered. Impossible to read 
without the key. 18mo, cloth 60 
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LASSAR-COHNy Dr. An Introduction to Modem Scien- 
tific Chemistry, in the form of popular lectures suited to University 
Extension Students and geneml readers. Translated from the 
author's corrected proofs for the second German edition, by 
M. M. Pattison Muir, M.A. 12mo, cloth, illustrated $2.00 

LATTAy H. N. Gas Engineering Practice. With figures, 

diagrams and tables. 8vo, cloth, illustrated in Press. 

LEASE) A. R. Breakdowns at Sea and How to Repair 

Them. With 89 illustrations. Second Edition. Svo, cloth. $2.00 

Triple and Quadruple Expansion Engines and Boilers 

and their Management. With 59 illustrations. Third Edition, 
revised. 12mo. cloth $2.00 

Refrigerating Machinery: Its Principles and Man- 
agement. With 64 illustrations. 12mo, cloth $2.00 

LECKY, S. T. & "Wrinkles" in Practical Navigation. 

With 130 illustrations. Svo, doth. Fourteenth Edition, revised 
and enlarged $8.00 

LEFEVRE, L. Architectural Pottery: Bricks, Tiles, Pipes, 

Enameled Terra-Cottas, Ordinary and Incrusted Quarries, Stone- 
ware Mosaics, Faiences . and Architectural Stoneware. With 
tables, plates and 950 cuts and illustrations. With a preface by 
M. J.-C. Formig^. Translated from the French, by K. H. Bird, 
M.A., and W. Moore Binns 4to, cloth, illustrated net, $7. 50 

LEHNER, S. Ink Manufacture : including Writing, Copy- 
ing, Lithographic, Marking, Stamping and Laundry Inks. Trans- 
lated from the fifth German edition, by Arthur Morris and 
Herbert Robson, B.Sc. Svo, cloth, illustrated Tiet, $2.50 

LEMSTROM, Dr. Electricity in Agriculture and Horticul- 
ture. Illustrated v^, $1 .50 

LEVY, C. L. Electric-light Primer. A simple and com- 
prehensive digest of all the most important facte connected with 
the running of the dynamo, and electric lights, with precautions 
for safety. For the use of persons whose duty it is to look after 
the plant. Svo, paper 50 
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LIVERHORE, V. P., and WILLIAMS, J. How to Become 

a Competent Motorman. Being a Practical Treatise on the 
Proper Method of Operating a Street Railway Motor Car; also 

S'ving details how to overcome certain defects. 16mo, cloth, 
ustrated, 132 pages $1 .00 

LOBBEN, P., H.E. Machinists' and Draftsmen's Hand- 
book, containinjg Tables, Rules, and Formulas, with numerous 
examples, explaining the principles of mathematics and mechanics, 
as applied to the mechanical trades. Intended as a reference book 
for all interested in Mechanical work. Illustrated with many 
cuts and diagrams. 8vo, doth $2.50 

LOCKE, A. G. and C. G. A Practical Treatise on tlie 

Manufacture of Sulphuric Acid. With 77 constructive plates, 
drawn to scale measurements, and other illustrations. Royal 
Svo, cloth $10.00 

LOCKERTi L. Petroleum Motor-cars, iimo, clotliy S1.50 

LOCKWOOD, T. D. Electricity, Magnetism, and Electro- 
telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. Svo, cloth. Third Edition $2.60 

Electrical Measurement and the Galvanometer: its 

Construction and Uses. Second Edilion, 32 illustrations. 12mo, 
cloth $1 .50 

LODGE, 0. J. Elementary Mechanics, including Hydro- 
statics and Pneumatics. Revised Edition. 12mo, cloth ... $1 . 50 

Signalling Across Space, Without Wires: being a 

description of the work of Hertz and his succe^rs. With numer- 
ous diagrams and half-tone cuts, and additional remarks con- 
cerning the application to Telegraphy and later developments. 
ThirdEdition. Svo, cloth, illustrated net, $2.00 

LORD, R. T. Decorative and Fancy Fabrics. A Valuable 

Book with designs and illustrations for manufacturers and de- 
signers of Carpets, Damask » Dress and all Textile Fabrics. Svo, 
cloth, illustrated rwrf, $3.60 

L0RIN6, A. E. A Handbook of the Electro-magnetic 

Telegraph. 16mo, cloth, boards. New and enlarged edition, . .50 

LUCE, S. B. (Com., U. S. TS.). Text-book of Seamanship. 

The Equippizig and Handling of Vessels under Sail or Steam. 
For the use of the U. S. Na^ Academy. Revised and enlarged 
ediiian, by Lieut. Wm. S. Benson. Svo, cloth, illustrated. $10. 00 
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LUCKE, C. E. Gas Engine Design. With figures and 

diagrams. 8vo, cloth, illustrated net, $3 .00 

Power Plant Design and Construction In Press. 

Power Plant Papers. Form I. The Steam Power 

Plant. Pamphlet (8X13) net, $1.50 

LUNGE, G.f Ph.D. Coal-tar and Ammonia: being the 

third and enlarged edition of '*A Treatise on the Distillation of 
Coal-tar and Ammoniacal Liquor," with numerous tables, figures 
and diagrams. Thick 8vo, cloth, illustrated net, $15.00 

A Theoretical and Practical Treatise on the Man- 
ufacture of Sulphuric Acid and Alkali with the Collateral Branches. 

Vol. I. Sulphuric Acid. In two parts, not sold separately. 

Second Edition, revised and enlarged, 342 illus. 8vo, cloth . . $15 . 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc 

Soda. Second Edition, revised and enlarged, 8vo, cloth . . . $15 . 00 

Vol. in. Ammonia Soda, and various other processes 

of Alkali-making, and the preparation of Alkalis, Chlorine and 
Chlorates, by Electrolysis, 8vo, cloth. Sew Edition, 1896. . $15.00 

and HTJRTER, F. The Alkali Maker's Handbook. 

Tables and Analytical Methods for Manufacturers of Sulphuric 
Acid, Nitric Acicl, Soda, Potash and Ammonia. Second Edition. 
12mo, cloth $3.00 

LUPTON, A., PARR, G. D. A., and PERKIN, H. Elec- 
tricity as Applied to Mining. With tables, diagrams and folding 
plates. Second Edition, revised and enlarged. 8vo, cloth, illus- 
trated net, $5.00 

LUQUER, L. M., Ph.D. Mmerals in Rock Sections. 

The Practical Method of Identifjring Minerals in Rock Sections 
with the Microscope. Especially arranged for Students in Techni- 
cal and Scientific Schools. Revised Edition. 8vo, cloth, illus- 
trated net, $1 .50 

MACKIE, JOHN. How to Make a Woolen Mill Pay. 

8vo. cloth net, $2.00 

MACKROW, C. The Naval Architect's and Ship-builder's 

Pocket-book of Formulae, Rules, and Tables; and Engineers' and 
Surveyors' Handy Book of Reference. Eighih Editum, revised 
and enlarged. 16mo, limp leather, illustrated $5. 00 
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HA6UIRE, £., Cajpt., U.S^. The Attack and Defence 

of Coast FortificationB. With maps and numerous illustrations, 
8vo, cloth $2.50 

MAGUIRE, WM. R. Domestic Sanitary Drainage and 

Plumbing Lectures on Practical Sanitation. 332 illustrations. 
8vo $4.00 

MAILLOUX, C. 0. Electro-traction Machinery. Svo, 

cloth, illustrated In Press. 

HARKS, E. C. R. Mechanical Engineering Materials: 

Their Properties and Treatment in Construction. 12mo, cloth, 
illustrated 60 

Notes on the Construction of Cranes and Lifting 

Machinery. With numerous diagrams and figures. New and 
enlarged edition. 12mo, cloth net^ $1 . 50 

Notes on the Construction and Working of Pumps. 

With figures, diagrams and engravings. 12mo, cloth, illus- 
trated n«^ $1 .50 

MARKS, G. C. Hydraulic Power Engineering. A Prac- 
tical Manual on the Concentration and Transmission of Power 
by Hydraulic Machinery. With over 200 diagrams and tables 
8vo, cloth, illustrated $3.50 



MARSH, C. F. Remforced Concrete. With full-page and 

folding plates, and 512 figures and diagrams. 4to, cloth, illus- 
trated net, $7.00 



MAVERi W. American Telegraphy: Systems, Apparatus, 

Operation. 450 illustrations. 8vo, cloth $5. 00 

MAYER, A. M., Prof. Lecture Notes on Physics. 8vo, 

cloth $2.00 

LIcCULLOCH, R. S., Prof. Elementary Treatise on the 

Mechanical Theory of Heat, and its application to Air and Steam- 
enginee. 8vo, doth $3 . 50 

McINTOSH, J. G. Technology of Sugar. A Practical Treatise 

on the Manufacture of Sugar from the Sugar-cane and Sugar- 
beet. \^th diagrams and tables. 8vo, cloth, illustrated . net, $4 . 50 
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HcINTOSH, J. 6. Manufacture of Varnishes and Kindred 

Industries. Based on and including the "Drying Oils and Var- 
nishes/' of Ach. Livache. Volume 1. Oil Crusnine, Refining and 
Boiling, Manufacture of Linoleum, Printing and Lithographic 
Inks, and India-rubber Substitutes. /Second greatly enlarged 

English Edition. 8vo, cloth, illustrated net, $3 . 50 

(To be complete in three volumes.) 

HcNEILLy B. McNeill's Code. Arranged to meet the 
requirements of Mining, Metallurgical and Civil Engineers, Direc- 
tors of Mining, Smelting and other Companies, Bankers, Stock 
and Share Brokers, Solicitors, Accountants, Financiers and 
General Merchants. Safety and Secrecy. 8vo, cloth. ... $6.00 

Mcpherson, J. a., a. M. Inst. C. E. Waterworks 
Distribution. A practical guide to the laying out of systems of 
distributing mains for the supply of water to cities and towns. 
With tables, folding plates and numerous full-page diagrams. 
8vo, cloth, illustrated $2.50 

MERCK, E. Chemical Reagents: Their Purity and Tests. 

In Press. 

MERRITT, WM. H. Field Testing for Gold and Silver. 

A Practical Manual for Prospectors and Miners. With numerous 
half-tone cuts, figures and tables. 16mo, limp leather, illus- 
trated $1 . 50 

METAL TURNING. By a Foreman Pattern-maker. Illus- 
trated with 81 engravings. 12mo, cloth $1 . 50 

MICHELL, S. Mine Drainage: being a Complete Prac- 
tical Treatise on Direct-acting Undeiground Steam Pumpinf 
Machinery. Containing many folding plates, diagrams ana 
tables. Second Edition, rewritten and enlarged. Thick 8vo, 
cloth, illustrated • $10.00 

MIERZINSKI, S., Dr. Waterproofing of Fabrics. Trans- 
lated from the German by Arthur Morris and Herbert Robson. 
With diagrams and figures. Svo, cloth, illustrated. . . net, $2.50 

MILLER, E. H. Quantitative Analysis for Mining Engi- 
neers. Svo, cloth net, SI . 50 
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MINIFIEy W. Mechanical Drawing. A Text-book of 

Geometrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly ex- 
plained; the Practical Problems are arranged from the most 
simple to the more complex , and in their description technicalities 
are avoided as much as possible. With illustrations for drawling 
Plans, Sections, and Elevations of Railwavs and Machinerv; an 
Introduction to Isometrical Drawing, and an Essay on Linear 
Perspective and Shadows. Illustrated with over 200 diagram- 
engraved on steel. Tenth fhousand, revised. With an Appens 
dix on the Theory and Application of Colors. 8vo, cloth. . $4.00 

Geometrical Drawing. Abridged from the octavo 

edition, for the use of schools. Illustrated with 48 steel plates. 
Ninth Edition. 12mo, cloth $2.00 

MODERN METEOROLOGY. A Series of Six Lectures, 

delivered under the auspices of the Meteorological Soeietv in 
1870. Illustrated. 12mo, cloth SI .50 

MOORE, E. C. S. New Tables for the Complete Solu- 
tion of Ganguillet and Kuttcr's Formula for the flow of liquids in 
open channels, pipes, sewers and conduits. In two parts. Part 1, 
arranged for lOSO inclinations from 1 over 1 to 1 over 21,120 for 
fifteen different values of (n). Part II, for use with all other 
values of (n). With large folding diagram. 8vo, cloth, illus- 
trated net, S5.00 

MOREING, C. A., and NEAL, T. New General and Mining 

Telegraph Code. 676 pages, alphabetically arranged. For the 
use of mining companies, mining engineers, stock brokers, financial 
agents, and trust and finance companies. Eighth Edition. 8vn, 
cloth $5.00 

MOSES, A. J. The Characters of Crystals. An Intro- 
duction to Physical Crystallography, containing 321 illustrations 
and diagrams. 8vo net, $2.00 

and PARSONS, C. L. Elements of Mineralogy, 

Crystallography and Blowpipe Analysis from a Practical Stand- 
pomt. Third tlnlarged Edition, 8vo, cloth, 336 illustrations, 

net, $2.50 

MOSS, S. A. Elements of Gas Engine Design. Reprint 

of a Set of Notes accompanying a Course of Lectures delivered 
at Cornell University in 1902. 16mo, cloth, illustrated. (Van 
Nostrand's Science Series) $0 . 60 
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MOSS, S. A. The Lay-out of Corliss Valve Gears. (Van 

Nostrand' 8 Science Series.) 16iuo, cloth, illustrated $0.50 



MITLLINy J. P.y M.E. Modem Moulding and Pattern- 
making. A Practical Treatise upon Pattern-shop and Foundry 
Work: embracing the Moulding of Pullejrs, Spur Gears, Worm 
Gears, Balance-wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool Work, Mining Machinery, Screw 
Propellers, Pattern-shop Machinery, and the latest improve- 
ments in English and American Cupolas; together with a large 
collection of original and carefulhr selected Rules and Tables 
for every-day use in the Drawing Office, Pattern-shop and Foundry. 
12mo, cloth, illustrated $2.50 



MUNRO, J., C.E., and JAMIESON, A., C.E. A Pocket- 
book of Electrical Rules and Tables for the use of Electricians 
and Engineers. Fifteenth EdiMony revised and enlarged. With 
numerous diagrams. Pocket size. Leather $2 . 50 

MURPHY, J. 6., M.E. Practical Mining. A Field Manual 

for Mining Engineers. With Hints for Investors in Mining 
Properties. 16mo, cloth $1 . 00 

NAQUET, A. Legal Chemistiy. A Guide to the Detection 

of Poisons, Falsification of Writings, Adulteration of Alimentary 
and Pharmaceutical Substances, Analysis of Ashes, and Exami- 
nation of Hair, Coins, Arms and Stains, as applied to Chemical 
Jurisprudence, for the use of Chemists, Physicians, Lawyers, 
Pharmacists and Experts. Translated, with additions, including 
a list of books and memoirs on Toxicology, etc., from the French, 
by J. P. Battershall, Ph.D., with a Preface by C. F. Chandler, 
Ph.D., M.D., LL.D. 12mo, cloth $20o 

NASMITH, J. The Student's Cotton Spinning. Third 

Edition, revised and enlarged. 8vo, cloth, 622 pages, 250 illus- 
trations ^ $3.00 

NEUBURGER, H., and NOALHAT, H. Technology of 

Petroleum. The Oil Fields of the World: their History, Geog- 
raphy and Geology. Annual Production, Prospection and Develop- 
ment; Oil-well Drilling; Transportation of Petroleum by Lfi^d 
and Sea. Storage of Petroleum. With 153 illustrations and 25 
plates. Translated from the French, by John Geddes Mcintosh. 
8vo. cloth, illustrated net, $10.00 
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HEW ALL, J. W. Plain Practical Directions for Drawing, 

Sizing and Cutting Bevel-cears, showing how the Teeth may 
be cut in a Plain Milling Machine or G^r Cutter so as to give 
them a correct shape from end to end; and showing how to get 
out all particulars for the Workshop without making any Draw- 
ings. Including a Full Set of Taoles of Reference. Folding 
plates. 8vo, cloth $1 .50 

NEWLANDS, J. The Carpenters' and Joiners' Assistant: 

being a Comprehensive Treatise on the Selection, Pre^ration 
and Strength of Materials, and the Mechanical Principles of 
Framing, with their application in Carpentry, Joinery and 
Hand-railing; also, a Complete Treatise on Sines; and an Illus- 
trated Glossary of Terms used in Architecture and Building. 
Illustrated. Folio, half morocco $15. M) 

NIPHERy F. E., A.M. Theory of Magnetic Measurements, 

with an Appendix on the Method of Least Squares. 12mo, 
cloth $1 . 00 

NUGENTy E. Treatise on Optics; or, Light and Sight 

Theoretically and Practically Treated, with the Application to 
Fine Art and Industrial Pursuits. With 103 illustrations. 12mo, 
cloth $1 .50 

O'CONNOR, H. The Gas Engineer's Pocket-book. Com- 
prising Tables, Notes and Memoranda relating to the Manu- 
facture, Distribution and Use of Coal-gas and the Construction 
of Gas-works. Second Edition, revised. 12mo, full leather, gilt 
edges $3.60 

OLSEN, J. C, Prof. Text-book of Quantitative Chemical 

Analysis by Gravimetric, Electrolytic, Volumetric and Gasometrie 
Methods. With Seventv-two Laboratory Exercises giving the 
Analysis of Pure Salts, Allovs, Minerals and Technical Proaucts. 
With numerous figures and diagrams. 8vo. cloth. . net, $4.00 

OSBORN, F. C. Tables of Moments of Inertia, and Squares 

of Radii of Gyration; supplemented by others on the Ultimate 
and Safe Strength of Wrought-iron Columns, Safe Strength of 
Timber Beams, and Constants for readily obtaining the Shearing 
Stresses, Reactions and Bending Moments in Swing Bridges. 
Fifth Edition. 12mo, leather net, $3.00 

0STERBER6, M. Synopsis of Current Electrical Litera- 
ture, compiled from Technical Joumab and Magasines duriqg 
1896. 8vo,cloth. $1.00 
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OUDIN, H. A. Standard Polyphase Apparatus and Systems. 

With many diagrams and figures. Third Edition, thorovghly 
revised. Fully illustrated S3 .00 

PALAZ, A., Sc.D. A Treatise on Industrial Photometry, 
with special application to Electric Lighting. Authorized trans- 
lation from the French by Geoi^e W. Patterson, Jr. Second 
Edition, revised, 8vo, cloth, illustrated $4.00 

PAMKLY, C. Colliery Manager's Handbook. A Compre- 
hensive treatise on the Laying-out and Working of Collieries. 
Designed as a book of reference for colliery manaffers and for the 
use of coal-mining students preparing for first-class certificates. 
Fifth Edition, revised and greatly enlarged. Containing over 1 ,000 
diagrams, plans, and engravings. 8vo, cloth, illustrated. 

n€/, $10.00 

PARR, 6. D. A. Electrical Engineering Measuring Instru- 
ments, for Commercial and Laboratorv Purposes. With 370 
diagrams and engravings. 8vo, cloth, illustrated net, $3.50 

PARRY, E. J., B.Sc. The Chemistry of Essential Oils 

and Artificial Perfumes. Being an attempt to group together 
the more important of the published facts connected with the 
subject; also giving an outline of the principles involved in the 
preparation and analysis of Essential Oils. With numerous dia- 
grams and tables. 8vo, cloth, illustrated net, $5.00 

and COSTE, J. H. Chemistry of Pigments. With 

tables and figures. 8vo, cloth net, $4 . 50 

PARRY, L. A., M.D. The Risks and Dangers of Various 

Occupations and their Prevention. A book that should be in 
the hands of manufacturers, the medical profession, sanitary 
inspectors, medical officers of health, managers of works, foremen 
and workmen. 8vo, cloth net, $3 . 00 

PARSHALL, H. P., and HOBART, H. M. Armature 

Windings of Electric Machines. With 140 full-page plates, 65 
tables and 165 pages of descriptive letter-press. 4to, cloth.. $7 . 50 

and PARRY, E. Electrical Equipment of Tramways. 

In Press, 

PASSMORE, A. C. Handbook of Technical Terms used 

in Architecture and Building, and their Allied Trades and Sub- 
jects. 8vo, cloth net, $3.60 
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PATERSON, D., F.C.S. The Color Printing of Carpet 

Yams. A useful manual for color chemists and textile printers 
With numerous illustrations. 8vo, cloth, illustrated net ^tS. 50 

Color Matching on Textiles. A Manual intended for 

the use of Dyers, Calico Printers, and Textile Color Chemists. 
Containing colored frontispiece and 9 illustrations, and 14 dyed 
patterns in appendix. 8vo, cloth, illustrated net, S3 .00 

- — The Science of Color Mixing. A Manual intended 

for the use of Dyers, Calico Printers, and Color Chemists. With 
figures, tables, and colored plate. 8vo, cloth, illustrated, net, $3 . 00 

PATTEN, J. A Plan for Increasing the Humidity of 

the Arid Region and the Utilization of Some of the Great Rivers 
of the United States for Power and other Purposes. A paper 
communicated to the National Irrigation Congress, Ogden, Utah, 
Sept. 12, 1903. 4to, pamphlet, 20 pages, with 7 maps $1 .00 

PATTON, H. B. Lecture Notes on Crystallography. 

Revised Edition, largely reuniten. Prepared for use of the stu- 
dents at the C'olorado School of Mines. With blank pages for 
note-taking. 8vo, cloth net, $1 .25 

PAULDING, C. P. Practical Laws and Data on the Con- 
densation of Steam in Covered and Bare Pipes; to which is added 
a translation of P^clct's ** Theory and Experiments on the Trans- 
mission of Heat Through Insulating Materials." 8vo, cloth, 
illustrated, 102 pages net, $2.00 

Transmission of Heat through Cold-storage Insula- 
tion: Formulas, Principles, and Data Relating to Insulation of. 
Every Kind. A manual for refrigerating engineers. With tables 
and diagrams. 12mo, cloth, illustrated net, $1 .00 

PEIRCE, B. System of Analytic Mechanics. 4to, 
cloth $10.00 

PERRINE, F. A. C, A.M,, D.Sc. Conductors for Elec- 
trical Distribution: their Manufacture and Materials, the Calcu- 
lation of Circuits, Pole Line Construction, Underground Working 
and other Uses. With numerous diagrams and engravings. 8vo. 
cloth, illustrated, 287 pages ne^, $3.50 

PERRY, J. Applied Mechanics. A Treatise for the use 

of students who have time to work experimental, numerical, and 
graphical exercises illustrating the subject. Svo, cloth. 650 
pages net, $2.50 
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PHILLIPS, J. Engineering Chemistry. A Practical 

Treatise for the use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, students and others. Comprising methods 
of Anal}rsis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Examples, and 
Suggestions. Illustrated. Third Edition^ revised and enlarged, 
8vo, cloth » . . . net, $4 . 50 

Gold Assajring. A Ptdctical Handbook giving the 

Modus Operandi for the Accurate Assay of Auriferous Ores and 
Bullion, and the Chemical Tests required in the Processes of 
Extraction by Amalgamation, Cyanidation and Chlorination. 
With an appendix of tables and statistics and numerous diagrams 
and engravings. 8vo, cloth, illustrated net^ $2.50 

PHIN, J. Seven Follies of Science. A Popular Account 

of the most famous scientific impossibilities and the attempts 
which have been made to solve them; to which is added a small 
Budget of Interesting Paradoxes, Illusions, and Marvels. With 
numerous illustrations. 8vo, cloth, illustrated net, $1 .25 

PICKWORTH, C. N. The Indicator Handbook. A Prac- 
tical Manual for Engineers. Part I. The Indicator: its Con- 
struction and Application. 81 illustrations. 12mo, cloth.. . $1 . 50 

The Indicator Handbook. Part XL The Indicator 

Diagram: its Analysis and Calculation. With tables and figures. 
12mo, cloth, illustrated tl . 50 

Logarithms for Beginners. Svo, boards 50 

The Slide Rule. A Practical Manual of Instruction for 

all Users of the Modern Type of Slide Rule, containing Succinct 
Explanation of the Principle of Slide-rule Computation, together 
with Numerous Rules and Practical Illustrations, exhibiting the 
Application of the Instrument to the Every-dav Work or the 
Engineer— Civil. Mechanical and Electrical. Seventh Edition. 
12mo, flexible cloth $1 .00 

Mane Table, The. Its Uses in Topographical Survey- 
ing. From the Papers of the United States Coast Survey. 

Illustrated. 8vo. cloth $2.00 

"This work gives a description of the Plane Table employed at 
the United States Coast Survey office, and the manner of using it. " 

PLANTE, G. The Storage of Electrical Energy, and 

Researches in the Effects created by Currents, combining Quan- 
titv with High Tension. Translated from the French by Paul 
B. El well. 89 illustrations. Svo, cloth $4.00 
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PLATTRER'S Manual of Qnafitatm and Quantitative 

Anal vas with the Blow-npe. Eighth EdUion, rmMtd. Tinndalfd 
by Heoiy B. Cornwmll. E.M.« Ph.D., aaaisted by John fi. Ow«ell« 
A.M. From the nxtb German editioo. bv PtdT. Friedericb Kol- 
beck. With 87 woodcuta. 463 fnges. 8to. doth. . . imI, $4 .00 

PLTlfPTON, GEO. W., Prof. Tlie Aneroid Barometer: 
its Oonetnictioo and Use. Compiled from 8e\'eral souroes. 
Etghih Edition, mised and enlarged. 16mo, boards, illos- 
trated $0.50 

POCKET LOGARITHMS, to Four Places of Decimals, 

induding Logarithms of NombeiB, and Ixigarithmic Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Snes, Tangents and Co-tangents. lOmo.boaids. 50 

POPE, F. L. Modem Practice of the Electric Telegraph. 

A Technical Handbook for Electricians. Managers and Operatore 
Fifteenih EdiHoUj nwrUien and enlarged^ and fwly tttutiraied. 8vo 
doth $1 .50 

POPPLEWELL, W. C. Elementary Treatise on Heat and 
Heat Engines. Specially adapted for engineers and students of 
engineering. 12mo, doth, illustrated $3.00 

Prevention of Smoke, combined with the Economical 

Combustion of Pud. With diagrams, figures and tables. Svo, 
doth, illustrated net, $3.50 

Practical Compounding of Oils, Tallow and Grease, for 

Lubrication, etc By an Expert Oil Refiner. 8vo, doth, nei, $3 . 50 

Practical Iron Founding. By the Author of "Pattern 
Making," etc. Illustrated with over 100 engravings. Third 
EdUion, 12mo, doth $1.50 

PRAT, T., Jn Twenty Tears with the Indicator: being 

a Practical Text-book for the Engineer or the Student, with no 
complex Formulae. Illttstrated. 8vo, doth $2.50 

. Steam Tables and Engine Constant Compiled from 

Regnault, Rankine and Dixon directly, making use of the 
exact records. 8vo, cloth $2.00 

PREECE, W. H. Electric Lamps In Press. 

and STUBBS, A. T. Manual of Telephony. Illus- 
trations and plates. 12mo, doth $4.50 
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PRELINI, C , C.E. Earth and Rock Excavation. A Manual 

for Engineers. Contractors, and Engineering Students. With 
tables and many diagrams and engravings. 8vo, cloth, illustrated. 

net, $3.00 

Retaining Walls and Dams. 8vo, cloth, illustrated. 

In Press. 

Tunneling. A Practical Treatise containing 149 

Working Drawings and Figures. With additions by Charles S. 
Hill, C.E., Associate Editor "Engineering News." 311 pages. 
Second Edition, revised. 8vo, cloth, illustrated $3.00 

PREMIER CODE. (See Hawke, Wm. H.) 

PRESCOTT, A. B., Prof. Organic Analysis. A Manual 

of the Descriptive and Analytical Chemistry of certain Carbon 
Compounds in Common Use; a Guide in the Qualitative and 
Quantitative Analysis of Oreanic Materials in Commercial and 
Pharmaceutical Assays, in the estimation of Impurities under 
Authorized Standards, and in Forensic Examinations for Poisons, 
with Directions for Elementary Organic Analysis. Fifth Edi- 
tion 8vo, cloth $5.00 

Outlines of Proximate Organic Anal3rsis, for the 

Identification, Separation and Quantitative Determination of 
the more commonly occurring Organic Compounds. Fourth 
Edition, 12mo, cloth $1 .75 

and JOHNSON, 0. C. Qualitative Chemical Analysis. 

A Guide in Qualitative Work, with Data for Analytical Opera- 
tions, and Laboratory Methods in Inorganic Chemistry. Sixth 
revised and enlarged Edition, entirely rewritten, with an appendix 
by H. H. Willard, containing a few improved methods of analysis. 
8vo, cloth net, $3 .50 

and SULLIVAN, E. C. (University of Michigan). First 

Book in Qualitative Chemistry. For Studies of Water Solution 
and Mass Action Tioelfth Edition, entirely rewritten, 12mo, 
doth ne/, $1 .50 

PRITCI^ARD, 0. 6. The Manufacture of Electric-light 

Carbons. Illustrated. 8vo, paper 60 

PROST, E. Manual of Chemical Analysis as Applied to 

the Assay of Fuels, Ores. Metals, Alloys, Salts, and other Mineral 
Products. Translated from the original by J. C. Smith. Part 
I, Fuels, Waters, Ores. Salts, and other mmeral industrial prod- 
ucts; Part II, Metals; Part III, Alloys. 8vo, cloth. . .net, $4.50 
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PULLEN, W. W. F. Application of Graphic Methods 

to the Design of Structures. Specially prepared for the use of 
Engineers. A Treatment by Graphic Metnods of the Forces 
and Principles necessary for consioeration in the Design of En- 
gineering Structures, Roofs, Bridges, Trusses, Framed Structures, 
Wells, Dams, Chimneys, and Masonry Structures. 12mo. cloth, 
profusely illustrated net, $2 . 50 

PULSIFER, W. H. Notes for a History of Lead. 8vo, 

cloth, gilt top $4.00 

PUTSCH, A. Gas and Coal-dust Firing. A Critical Review 

of the Various Appliances Patented in Germany for this purpose 
since 1885. Witn diagrams and figures. Translated from the 
German by Charles Salter. 8vo, cloth, illustrated. . . . net, $3.00 

PYNCHON, T. R., Prof. Introduction to Chemical Physics, 

designed for the use of Academies, Colleges and Hi^h Schools. 
Illustrated with numerous engravings, and containmg copious 
experiments, with directions for preparing them. New Edition, 
revised and enlarged^ and illustrated by 269 wood engravings, 8vo, 
doth $3 . 00 

RADFORD, C. S., Lieut. Handbook on Naval Gunnery. 

Prepared by Authority of the Navy Department. For the use 
of U. S. Navy, U. S. Marine Corps, and U. S. Naval Reserves. 
Revised and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N. Third Edition^ revised and enlarged. 12mo, 
flexible leather net, $2.00 

RAFTER, G. W. Treatment of Septic Sewage (Van 
No8trand*s Science Series, No, 118). 16mo, cloth 50 

Tables for Sewerage and Hydraulic Engineers. In Press, 

and BAEIER, M. N. Sewage Disposal in the United 

States. Illustrations and folding plates. Third Edition. 8vo. 
cloth $6.00 

RAM, 6. S. The Incandescent Lamp and its Manufac- 
ture. 8vo, cloth net, $3.00 

RAMP) H. M. Foundry Practice In Press, 

RANDALL, J. £. A Practical Treatise on the Incan- 
descent Lamp. 16mo, doth, illustrated 50 
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RANDALL, P. M. Quartz Operator's Handbook. New 

Edition, revised and enlarged, fuUy illustrated, 12tno, cloth, 32.00 

RANDAlTy P. Enamels and Enamelling. An introduction 

to the preparatloQ and application of all kinds of enamels for 
technical and artistic puiposes. For enamel-makers, workers 
in gold and silver, and manufacturers of objects of art. Third 
German Edition. Translated by Charles Salter. With figures, 
diagrams and tables- 8vo, cloth, illustrated net, %4. 00 

RANKINEy W. J. M. Applied Mechanics. Comprising 

the Principles of Statics and Cinematics, and Theory of Struc- 
tures, Mechanism, and Machines. With numerous diagrams. 
Seventeenth Edition, thoroughly revised by W. J. Millar. 8vo» 
cloth $5.00 

Civil Engineering. Comprising Engineering Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, Metal- 
work, Roads, Railways, Canals, Rivers, Water-works, Harbors, 
etc. With numerous tables and illustrations. Twenty-first 
Edition, thoroughly revised by W. J. Millar. 8vo, cloth $6. 50 

Machinery and Millwork. Comprising the Geometry, 

Motions, Work, Strength, Construction, and Objects of Machines, 
etc. Illustrated with nearly 300 woodcuts. Seventh Edition, 
thoroughly revised by W. J. Millar. 8vo, cloth $5.00 

The Steam-engine and Other Prime Movers. With 

diagram of the Mechanical Properties of Steam. Folding plates, 
numerous tables and illustrations. Fifteenth Edition, thor- 
oughly revised by W. J. Millar. 8vo, cloth $5.00 

Useful Rules and Tables for Engineers and Others. 

With Appendix, Tables, Tests and Formulse for the use of Elec- 
trical Engineers. Comprising Submarine Electrical Engineering, 
Electric Lighting and Transmission of Power. By Andrew 
Jamieson, U.E., F.R.S.E. Seventh Edition, thoroughly revised 
by W. J. Millar. 8vo, cloth $4.00 

and BAMBER, E. F., C,E. A Mechanical Text-book. 

With numerous illustrations. Fifth Edition. 8vo, cloth. . $3.60 

RAPHAEL, F. C, LocaUzation of Faults in Electric 

Light and Power Mains, with chapters on Insulation Testing. 
With figures and diagrams. Second Edition, revised, 8vo, 
cloth, illustrated furf.$3.00 
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RATEAU, A. Experimental Researches on the Flow of 

Steam through Nozzles and Orifices, to which is added a note on 
the Flow of Hot Water. (Extrait des Annales des Mines, Janu- 
ary, 1902.) Authorized translation by H. Boyd Brydon. With 
figures, tables, and folding plates. 8vo, cloth, illustrated. 

net, $1.50 

RAUTENSTRAUCH, Prof. W. Syllabus of Lectures and 

Notes on the Elements of Machine Design. With blank pages 
for note-taking. 8vo, cloth, illustrated net, #1 .50 

RAYMOND, E. B. Alternating-current Engineering Prac- 
tically Treated. With numerous diagrams and figures. Secotid 
Edition. 12mo, cloth net, $2 . 50 

RAYNER, H. Silk Throwing and Waste Silk Spinnmg. 

With numerous diagrams and figures. 8vo, cloth, illustrated, 

ne^,$2.50 

RECIPES for the Color, Paint, Varnish, Oil, Soap and 

Drysaltery Trades. Compiled by an Analytical Chemist. 8vo, 
cloth $3.50 

RECIPES FOR FLINT GLASS MAKING. Being Leaves 

form the mixing-book of several experts in the Flint Glass Trade. 
Containing up-to-date recipes and valuable information as to 
Crystal, Demi-crystal, and Colored Glass in its many varieties. 
It contains the recipes for cheap metal suited to pressing, blowing, 
etc., as well as the most costly Crystal and Ruby. British manu- 
facturers have kept up the quality of this glass from the arrival of 
the Venetians to Hungry Hill, Stourbridge, up to the present 
time. The book also contains remarks as to the result of the 
metal as it left the pots by the respective metal mixers, taken 
from their own memoranda upon tne originals. Compield by 
a British Glass Master and Mixer. 12mo, cloth ne/, $4.50 

REED'S ENGINEERS' HANDBOOK, to the Local Marine 

Board Examinations for Certificates of Competency as First and 
Second Class Engineers. By W. H. Thorn. Witn the answers 
to the Elementary Questions. Illustrated by 358 diagrams 
and 37 large plates. Seventeenth Edition, reviied and enlarged, 
8vo, cloth $5.00 

Key to the Seventeenth Edition of Reed's Engineer's 

Handbook to the Board of Trade Examination for First and 
Second Class Eneineers and containing the workinss of all the 
questions given m the examination papers. By W. H. Tbom. 
Svo, cloth $3.00 
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REED. Useful Hints to Sea-going Engineers, and How to 

Repair and Avoid ''Breakdowns"; also Appendices containing 
Boiler Explosions, Useful Formulse, etc. With 42 diagrams 
and 8 plates. Third Edition, revised and enlarged, 12mo, 
cloth $1 .50 



— Marine Boilers. A Treatise on the Causes and Pre- 
vention of their Priming, with Remarks on their General Manage- 
ment. 12mo, cloth, illustrated $2 .00 



REINHARDT, C. W. Lettering for Draftsmen, Engineers, 

and Students. A Practical System of Free-hand Lettering for 
Working Drawings. Revised and enlarged edition. Eighteenth 
Thousand. Oblong, boards $1 .00 

The Technic of Mechanical Drafting. A Practical 

guide to neat, correct and legible drawing, containing many illus- 
trations, diagrams and full-page plates. 4to, cloth, ilhis. . . $1 .00 

REISER, F. Hardening and Tempering of Steel, in Theory 

and Practice. Translated from the German of the third and 
enlarged edition, by Arthur Morris and Herbert Robson. 8vo, 
cloth, 120 pages ., . . . $2.60 

REISER, N. Faults in the Manufacture of Woolen Goods, 

and their Prevention. Translated from the second German 
edition, by Arthur Morris and Herbert Robson. 8vo, cloth, 
iUustrated n^it, S2.50 

Spinning and Weaving Calculations with special 

reference to Woolen Fabrics. Translated from the German by 
Chas. Salter 8vo, cloth, illustrated net, $5.00 



RICE, J. M., and JOHNSON, W. W. On a New Method 

of Obtaining the Differential of Functions, with especial refer- 
ence to the Newtonian Conception of Rates or Velocities. 12mo, 
paper 60 

RIDEAL, S., D.Sc. Glue and Glue Testing, with figures 

and tables. Svo, cloth, illustrated net, $4.00 
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RINGWALTy J. L. Development of Transportation Sys- 
tems in the United States, comprising a Comprehensive Descrip- 
tion of the leading features of advancement from the colonial 
era to the present time, in water channels, roads, turnpikes, 
canals, railways, vessels, vehicles, cars, and locomotives; the 
cost of transportation at various periods and places by the differ- 
ent methods; the financial, endneering, mechanical, govern- 
mental and popular questions that have arisen, and notable 
incidents in railway history, construction and operation. With 
illustrations of hundreds of typical objects. Quarto, half mo- 
rocco 17 .50 

RIPPER, W. A Course of Instruction in Machine Drawing 

and Design for Technical Schools and Engineer Students. With 
52 plates and numerous explanatory engravings. Folio, cloth, 

ne^,S6.00 

ROBERTSON, L. S. Water-tube Boilers. Based on a 

short course of Lectures delivered at University College, London. 
With upward of 170 illustrations and diagrams. 8vo, cloth, 
illustrated $3.00 

ROBINSON, S. W. Practical Treatise on the Teeth of 

Wheels, xiith the theory and the use of Bobinson's Odontograph. 
Third Edition, revised, with additions. 16mo, cloth, illustrated. 
(Van Nostrand's Science Series.) $0.50 

ROEBLING, J. A. Long and Short Span Railway Bridges. 

Illustrated with large copper-plate engravings of plans and views. 
Imperial folio, cloth $25.00 

ROLLINS, W. Notes on X-Light. With 152 full-page 

plates. 8vo, cloth, illustrated net, $7.50 

ROSE, J., M.E The Pattern-makers' Assistant. Embrac- 
ing Lathe Work, Branch Work, Core Work, Sweep Work and 
Practical Gear Constructions, the Preparation and Use of Tools, 
together with a laree collection of useful and valuable Tables. 
NirUh Edition. With 250 engravings. 8vo, cloth $2.60 

Key to Engines and Engine-running. A Practical 

Treatise upon the Management of Steam-engines and Boilers for 
the use or those who desire to pass an examination to take 
charge of an engine or boiler. With numerous illustrations, 
and Instructions upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments and other Valuable Information 
necessary for Engineers and Firemen. 12mo, doth. Ulus. . $2.50 
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ROWAN, F. J, The Practical Physics of the Modem 

Steam-boiler. With an Introduction by Prof. R. H. Thurston. 
With numerous illustrations and diagrams. 8vo, cloth, illus- 
trated $7.60 

SABINE, R. History and Progress of the Electric Tele- 
graph. With descriptions of some of the apparatus. Second 
Edition, with additions. 12mo, cloth |1 . 25 

SAELTZER, A. Treatise on Acoustics in Connection 

with Ventilation. 12mo, cloth $1 .00 

SALOMONS, Sir D., M.A. Electric-Hght Installations. 

A Practical Handbook. Eighth Edition , revised and enlarged, 
with numerous illustrations. Vol. I.. The Management of Accu- 
mulators. 12mo, cloth SI . 50 

Vol. II., Apparatus. 296 illustrations. 12mo, cloth $2.25 

Vol. III., Applications. 12mo, cloth $1 .50 

SANFORD, P. G. Nitro-ezplosives. A Practical Treatise 

concerning the Properties. Manufacture and Analysis of Nitrat«i 
Substances, includmg the Fulminates, Smokeless Powders and 
Celluloid. 8vo, cloth, 270 pages $3.00 

SAUNDERS, C. H. Handbook of Practical Mechanics 

for use in the Shop and Draught! ng-room; containmg Tables, 
Rules and Formulae, and Solutions of Practical Problems by 
Simple and Quick Methods. 16mo, limp cloth 1 .00 

SAUNNIER, C. Watchmaker's Handbook, A Workshop 

Companion for those engaged in Watchmaking and allied Mechan- 
ical Arts. Translated by J. Tripplin and E. Rigg. Second Edi- 
tiorit revised, with appendix, 12mo, cloth $3.50 

SCHELLEN, H., Dr. Magneto-electric and Djrnamo- 

electric Machines: their Construction and Practical Application 
to Electric Lighting, and the Transmission of Power. Trans- 
lated from the third German edition bv N. S. Keith and Percy 
Neymann, Ph.D. W^ith verv large additions and notes relating 
to American Machines, by N. S. Keith. Vol. 1, with 353 illus- 
trations. Second Edition. 8vo, cloth $5.00 

SCHMALL, C. N. First Course in Analytical Geometry, 

Plane and Solid, with Numerous Examples. Containing figures 
and diagrams. 12mo, cloth, illustrated vrf. Si . 75 
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SCHMALL, C. N., and SHACK, S. M. Elements of Plane 

Geometry. An Elementary Treatise. With many examples and 
diagrams. 12mo, half leatner, iUustrated net, $1 . 25 

SCHMEER, LOUIS. Flow of Water: A New Theory of 

the Motion of Water under Pressure, and in Open Conduits. 8vo. 
cloth, illustrated..' In Press, 

SCHUHANNy F. A Manual of Heating and Ventilation 

in its Practical Application, for the use of Engineers and Archi- 
tects. Embracing a Series of Tables and Formmse for Dimensions 
of Heating, Flow and Return Pipes for Steam and Hot-water 
Boilers, Flues, etc. 12mo, illustrated, full roan $1 . 50 

SCHWEIZER^ V. Distillation of Resdns, Resinate Lakes 

and Pigments; Carbon Pigments and Pigments for Typewriting 
Machines, Manifolders, etc. A description of the proper methods 
of distilUng resin-oils, the manufacture of resinates, resin-var- 
nishes, resin-pigments and enamel paints, the preparation of all 
kinds of carbon pigments, and pnnters' ink, lithographic inks 
and chalks, and also inks for typewriters, manifolaers, and 
rubber stamps. With tables and 68 figures and diagrams. 8vo, 
cloth, illustrated net, $3.50 



SCIENCE SERIES, The Van Nostrand. (Follows end of 

this list.) 

SCRIBNER, J. M. Engineers' and Mechanics' Com- 
panion. Comprising United States Weights and Measures. 
Mensuration of Superfices and Solids, Taoles of Squares and 
Cubes, Square and Cube Roots, Circumference and Areas of 
Circles, the Mechanical Powers. Centra of Gravity, Gravitation 
of Bodies, Pendulums, Specific Gravity of Bodies, Strength, 
Weight and Crush of Materials, Water-wheels. Hydrostatics, 
Hydraulics, Statics, Centres of Percus.::on and Gyration, Friction 
Heat, Tables of the Weight of Metals, Scantlmg. etc.. Steam 
and Steam-engine. Twenty- first Edition, revised. 16mo, full 
morocco $1 . 60 

SEATON, A. E. A Manual of Marine Engineering. Com- 

S rising the Designing, Construction and Working of Marine 
[achinery. With numerous tables and illustrations reduced from 
Working Drawings. 14^ Edition, revised throughout, with an 
additional chapter on Waters tube Boilers. 8vo, cloth $6.00 
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SEATON, A. E., and ROUNTHWAITE, H. M. A Pocket- 
book of Marine Engineerinfl; Rules and Tables. For the use of 
Marine Engineers and Naval Archit^ts, Designers, Draughtsmen, 
Superintendents and all engaged in the design and construction 
of Marine Machinery, Naval and Mercantile. Seventh Ediliof^ 
revised and enlarged. Pocket size. Leather, with diagranis. $3.00 

SEELIGMANN, T., TORRILHON, G. L., and FALCONNET, 

H. India Rubber and Gutta Percha. A complete practical 
treatise on India Rubber and Gutta Percha, in tneir historical, 
botanical, arboricultural, mechanical, chemical and electrical 
aspects. Translated from the French, by John Geddes Mcintosh. 
8vo, cloth, illustrated, 412 pages net, $7.50 

SEIDELL, A. Handbook of Solubilities. i2mo, cloth. 

In Press, 

SEVER, G. F., Prof. Electrical Engineering Experi- 
ments and Tests on Direct-current Machinery. With diagrams 
and figures. 8vo pamphlet, illustrated net, $1 .00 

and TOWNSEND, F. Laboratory and Factory Tests 

in Electrical Engineering. Second Edition. 8vo, cloth, illus- 
trated net, $2.60 

SEWALL, C. H. Wireless Telegraphy. With diagrams 
and engravings. Second Edition, corrected, 8vo, cloth, illus- 
trated net, $2.00 

Lessons in Telegraphy. For use as a text-book 

in schools and colleges, or for individual students. Illustrated. 
12mo, cloth $1.00 

SEWELL, T. Elements of Electrical Engineering. A 
First Year's Course for Students. Second Edition, revised, with 
additional chapters on Alternating- current Working and Ap- 
pendix of Questions and Answers. With many diagrams, tables 
and examples. Svo, doth, illustrated, 432 pages net, $3 .00 

SEXTON, A. H. Fuel and Refractory Materials. Svo, 

cloth $2.00 

Chemistry of the Materials of Engineering. A Hand- 
book for Engineering Students. With tables, diagrams and 
illustrations. 12mo, cloth, illustrated $2.50 

SEYMOUR, A. Practical Lithography. With figures and 
engravings. Svo, cloth, illustrated net, $2.50 
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SHAW, S. The History of the Staffordshire Potteries, and 

the Rise and Progress of the Manufacture of Pottery and Por- 
celain; with references to genuine specimens, and notices of 
eminent potters. A re-issue of the original work published in 
1829. 8vo, cloth, illustrated n€/, $3.00 

Chemistry of the Several Natural and Artificial 

Heterogeneous Compounds used in Manufacturing Porcelain, 
Glass and Pottery Re-issued in its original form, published in 
1837. 8vo, cloth net, $5.00 

SHAW, WM. J. (Lieut.-Col.). Studies in Map Reading 

and Field Sketching. An aid to pacing outdoor examinations in 
these subjects. Illustrated with 15 folding plates. 12mo, cloth, 
illustrated, 148 pages net, $2 . 50 

Tactical Operations for Field Officers : being Up-to- 
date schemes worked out on training grounds at home stations. 
With folding plates and maps. 12mo, cloth, illustrated, 321. 
pages $3 .00 

SHELDON, S., Ph.D., and MASON, H., B.S. Dynamo- 
electric Machinery: its Construction , Design and Operation. 
Direct-current Machines. Fifth Edition^ revised. 8vo, cloth, il- 
lustrated net, $2.50 

Alternating-current Machines : being the second 

volume of the author's " Dynamo-electric Machinery : its Construc- 
tion, Design and Operation. " With many diagrams and figures. 
(Binding unitonn with volume I.) Fourth Edition. 8vo, cloth, 
illustrated net, $2.50 

SHERRIFF, F. F. Oil Merchants' Manual, and Oil Trade 

Ready Reckoner. With two sheets of tables. Second Edition, 
revised and enlarged. 8vo, cloth net, $3.50 

SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunneling, Bridging, Canal and 
Road Building, etc. 12mo, cloth $1 .50 

SHOCK, W. H. Steam Boilers: their Design, Construc- 
tion and Management. 4 to, half morocco $15.00 
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SHREVE, S. H. A Treatise on the Strength of Bridges 
and Roofs. Comprising the determination of algebraic formulas 
for strains in Horizontal, Inclined or Rafter^ Triangular, Bow, 
string, Lenticular and other Trusses, from fixed and moving loads- 
with practical applications and examples, for the use of Students 
and Engineers. 87 woodcut illustrations. Fourth Edition, 8vo, 
cloth $3 . 50 

SHUNK, W. F. The Field Engineer. A Handy Book 

of practice in the Survey, Location and Track-work of Railroads, 
containing a large collection of Rules and Tables, original and 
selected, applicable to both the Standard and Narrow Gauge, 
and prepared with special reference to the wants of the young 
Engineer. Sixteenth Edition, revised and enlarged. With 
addenda. 12mo, morocco, tucks $2 . 50 

SnOiS, F. W. A Treatise on the Principles and Practice 

of Leveling. Showing its application to purposes of Railway 
Engineering, and the Construction of Roads, etc. Revised and 
corrected, with the addition of Mr. Laws' Practical Examples for 
setting out Railway Curves. Illustrated. Svo, cloth $2 . 50 

Practical Tunneling. Fourth Edition, Revised and 

greatly extended. With additional chapters illustrating recent 
practice by D. Kinnear Clark. With 36 plates and other illustra- 
tions. Imperial Svo, doth $12.00 

SIMPSON, G. The Naval Constructor. A Vade Mecum 
of Ship Desi^, for Students, Naval Architects, Ship Builders and 
Owners, Manne Superintendents, Engineers and Draughtsmen. 
12mo, morocco, illustrated, 500 pages net, $5.00 

SLATER, J. W. Sewage Treatment, Purification and 

Utilization. A Practical Manual for the Use of Corporations, 
Local Boards, Medical Officers of Health, Inspectors of Nuisances, 
Chemists, Manufacturers, Riparian Owners, Engineers and Rate- 
payers. 12mo, cloth $2 .25 

SMITH, I. W.y C.E The Theory of Deflections and of 

Latitudes and Departures. With special applications to Curvi- 
linear Surve3r8, for Alignments of Railway Tracks. Illustrated. 
16mo, morocoo, tucks $3.00 

SMITH, J. C. Manufacture of Paint A Practical Hand- 
book for Paint Manufacturers, Merchants and Painters. With 
60 illustrations and one large diagram. Svo, doth . . net, 13.00 
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SRELLy A. T. Electric Motive Power: The Transmission 

and DifltributioQ of Electric Power by Continuous and Alternate 
Currenta. With a Section on the Applications of Electricity to 
Mining Work. Second Edition, 8vo, cloth, illustrated. .net, $4 .00 

SNOW, W. G., and NOLAN, T. VentUation of Buildings. 

16mo, cloth. (Van Nostrand's Science Series.) $0.50 

SODDY, F. Radio-Activity: An elementarv treastise 

from the standpoint of the dbintegration theoxy. With 40 figures 
and diagrams. Svo, cloth, illustrated net, & .00 

SOXHLET, D. H. Art of Dyeing and Staining Marble, 

Artificial Stone, Bone, Horn, Ivory and Wood, and of imitating 
^1 sorts of Wood. A practical Handbook for the use of Joiners, 
Tumers, Manufacturers of Fancy Goods, Stick and Umbrella 
Makers, Comb Makers, etc. Translated from the German by 
Arthur Morris and Herbert Robson, B.Sc. 8vo, cloth, 170 
pages net, $2.50 

SPANG, H. W. A Practical Treatise on Lightning Pro- 
tection. With figures and diagrams. 12mo, cloth $1 .00 

SPEYERS, C. L. Text-book of Physical Chemistry. 
8vo, doth. $2.25 

STAHL, A. W., and WOODS, A. T. Elementary Mechan- 
ism. A Text-book for Students of Mechanical Engineering. 
Thirteenth Edition, enlarged, 12mo, cloth $2 .00 

STALEY, C, and PIERSON, G. S. The Separate System 

of Seweraee: its Theory and Construction. Third Edition, 
revised ana enlarged. With chapter on Sewage Disposal. With 
maps, plates and illustrations. 8vo, cloth $3.00 

STANDA6E, H. C. Leatherworkers' Manual: being a 

Compendium of Practical Recipes and Workinc Formulse for 
Cumers, Boot-makers, I^eather Dressers, Blacking Manufac- 
turers, Saddlers, Fancy Leather Workers and all persons en- 
gaged in the manipulation of leather. 8vo, doth ne<,$3.50 

— — Sealing Wazes^ Wafers and Other Adhesives. For 

the Household, Office, Workshop and Factory. 8vo, cloth, 96 
pages net. $2.00 
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STEWART, R. W. A Text-book of Light. Adapted to 

the Requirements of the Intermediate Science and Preliminary 
Scientific Examinations of the University of London, and also 
for General Use. Nim:ieroii8 diagrams and examples. 12mo 
doth $1 .00 

— - Text-book of Heat. Illustrated. 8vo, Cloth, Si.oo 

Text-book of Magnetism and Electricity. i6o Illus- 
trations and numerous examples. 12mo, cloth $1 .00 

Elementary Text book of Magnetism and Electricity. 

With numerous figures and diagrams. 12mo, cloth $1 .00 

STILES, A. Tables for Field Engineers. Designed for 

Use in the Field. Tables containing all the Functions of a One 
Degree Curve, from which a corresponding one can be found for 
any required Degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks $2.00 



STILLMANy P. Steam-engine Indicator and the Improved 

Manometer Steam and Vacuum Gauges; their Utility and Appli- 
cation. New edition, 12mo, flexible cloth $1 .00 



STODOLA, Dr. A. Steam Turbines. With an appendix 

on Gas Turbines, and the future of Heat Engines. Authorized 
translation by Dr. Louis C. Loewenstein (Lehigh University). 
With 241 cuts and 3 lithographed tables. Second Edition, re- 
vised and enlarged, 8vo, cloth, illustrated net, $5.00 

STONE, R., Gen'l. New Roads and Road Laws in the 

United States. 200 pages, with numerous illustrations. 12mo, 
cloth $ 1 . 00 

STONEY, B. D. The Theory of Stresses in Girders and 

Similar Structures. With Obser^'ations on the Applicatioti of 
Theory to Practice, and Tables of Strength, and other Properties 
of Materials. New revised edition, with numerous additions on 
Graphic Statics, Pillars, Steel, Wind Pressure. OscUlatins Stresses, 
Working Loads, Riveting, Strength and Tests of Materials. 
777 pages, 143 illus. and 5 folding-plates. 8vo, cloth $12.50 

STUART, C. B., U.S.N. Lives and Works of Civil and 

Military Engineera of America. With 10 steel-plate engravings. 
8vo, cloth $6.00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine engravings on steel. Fourth Edition, 4to, 
cloth < . $6.00 



Digitized by LjOOQ IC 



58 D. VAN NOSTRAND COMPANY'S 

SUFFLING, E. R. Treatise on the Art of Glass Painting. 

Prefaced with a Review of Ancient Glass. With engravings and 
colored plates. . 8vo, cloth net, $3 . 50 

SWEET, S. H. Special Report on Coal, Showing its Dis- 
tribution, Classification, and Costs delivered over Different Routes 
to Various Points in the State of New York and the Principal 
Cities on the Atlantic Coast.' With maps. 8vo, cloth $3.00 

SWOOPE, C. W. Practical Lessons in Electricity: Prin- 
ciples, Experiments and Arithmetical Problems. An Elementary 
Text-book. With numerous tables, formulae, and two large in- 
struction plates. 8vo, cloth, illustrated. Seventh Edition. . net, $2 .00 

TAILFER, L. Practical Treatise on the Bleaching of 

Linen and Cotton Yam and Fabrics. With tables and diagrams. 
Translated from the French by John Geddes Mcintosh. 8vo, 
cloth, illustrated net, $6.00 

TEMPLETON, W. The Practical Mechanic's Workshop 
Companion. Comprising a ^reat variety of the most useful 
rules and formul® in Mechanical Science, with numerous tables 
of practical data and calculated results facilitating mechanical 
operations. Revised and enlarged by W. S. Hutton. 12mo, 
morocco $2 .00 

THOM, C, and JONES, W. H. Telegraphic Connections: 

embracing Recent Methods in Quadruplex Telegraphy. 20 lull- 
page plates, some colored. Oblong, 8vo, cloth $1 . 50 

THOMAS, C. W. Paper-makers' Handbook. A Practical 

Treatise. Illustrated In Press. 

THOMPSON, A. B. Oil Fields of Russia and the Russian 

Petroleum Industry. A Practical Handbook on the Explora 
tion, Exploitation, and Management of Russian Oil Properties, 
including Notes on the Origin of Petroleum in Russia, a Descrip- 
tion of tne Theory and Practice of Liquid Fuel, and a Translation 
of the Rules and Regulations concerning Russian Oil Properties. 
With numerous illustrations and photographic plates and a map 
of the Balakhany-Saboontchy-Romany Oil Field. 8vo, cloth, 
illustrated net, 115.00 

THOMPSON, £. P., M.E. How to Make Inventions; 

or. Inventing as a Science and an Art. A Practical Guide for 
Inventors. ilSecand Edition. 8vo, boards $0.50 
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THOMPSON, E. P., M.E. Roentgen Rays and Phenomena 

of the Anode and Cathode. Principles, Applications, and Theo- 
ries. For Students, Teachers, Physicians, Photographers, Elec- 
tricians and others. Assisted by Louis M. Pignolet, N. D. C. 
Hodges and Ludwig Gutmann, E.E. With a chapter on Gen- 
eralizations, Arguments. Theories, Kindred Radiations and Phe- 
nomena. By Professor Wm. Anthony. 60 diagrams, 40 half-tones. 
8vo, cloth SI .00 

THOMPSON, W. P. Handbook of Patent Law of All 

Countries. Thirteenth Edition, completely revised, March, 19C5. 
16mo, cloth $1 . 50 

THORNLEY, T. Cotton Combing Machines. With Nu- 
merous tables, engravings and diagrams. 8vo. cloth, illustrated, 

343 pages. . . net, $3.00 

Con/€n/s.— Preface; List of Illustrations; The Silver Lap Ma- 
chine; Ribbon Lap Machine and Draw-frame; General Descrip- 
tion of the Heilmann Comber; The Cam Shaft; The Detaching 
and Attaching Mechanism of the Comber; The Duplex Comber; 
Resetting of Combers; The Erection of a Heilmann Comber; 
Stop Motions; Various Calculations; Various Notes and Dis- 
cussions; Cotton Combing Machines of Continental Make; Index. 

TMUKSO, J. W. Modem Turbine Practice and Water- 
Power Plants With eighty-eight figures and diagrams. 8vo, 
cloth, illustrated net, $4 .CO 

TODD, J., and WHALL, W. B. Practical Seamanship 

for Use in the Merchant Service: including all ordinary subjects; 
also Steam Seamanship, Wreck Lifting, Avoiding Collision, Wire 
Splicing, Displacement and everything necessary to be known 
by seamen of the present day. Fifth Edition, with 247 illus- 
trations and diagrams. 8vo, cloth net, $7 . 50 

TOMPKINS, A. £. Text-book of Marine Engineering. 

Second Edition, entirely rewritten, rearranged, and enlarged. With 
over 250 figures, diagrams, and full-page plates. 8vo, cloth, 
iUustrated net, $6.00 

TOOTHED GEARING. A Practical Hand book for Offices 

and Workshops By a Foreman Patternmaker. 184 illustra- 
tions 12mo, cloth $2.25 

TRATMAN, E. E. R. Railway Track and Track-work. 

With over 200 illustrations. 8vo\ cloth $3 .00 

TRAVERSE TABLE, Showing Latitude and Departure 

for each Quarter Degree of the Quadrant, and for Distances from 1 
to 100, to which is appended a Table of Natural Sinps and Tan- 
gents for each five minutes of the Quadrant. (Reprinted from 
Scribner's Pocket Table Book.) Van No8trand*8 Science Series, 

16mo, cloth $0.50 

Morocco $1 .00 
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TREVERT, E. How to Build Dynamo-electric Machinery, 

embracing Theory, Desicning, and ConBtruction of Dynamos and 
Motors. With appendices on Field Magnet and Armature 
Winding, Management of Dynamos and Motors, and Useful 
Tables of Wire Gauges. 8vo, doth, illustrated $2. 50 

Electricity and its Recent Applications. A Practical 

Treatise for Students and Amateurs, with an Illustrated Dictionary 
of Electrical Terms and Phrases. 12mo, cloth. $2 . 00 

TRINKS, W., and HOUSUM, C. Shaft Governors. i6mo, 
cloth, illustrated. (Van Nostrand's Science Series.) $0 .50 

TUCKER, J. H., Dr. A Manual of Sugar Analysis, in- 
cluding the Applications in General of Anal3rtical Methods to the 
Sugar Industry. With an Introduction on the Chemistiy of 
Cane-sugar, Dextrose, Levulose, and Milk-sugar- Sixth Edilion. 
8vo, cloth, illustrated $3.50 

TUMLIRZ, 0., Dr. Potential and its Application to the 

Explanation of Electrical Phenomena, Popularly Treated. Trans- 
lated from the German by D. Robertson. 12mo, cloth, ill. $1 . 25 

TUNNER, P. A. Treatise on Roll-turning for the Manu- 
facture of Iron. Translated and adapted by John B. Pearse, of 
the Pennsylvania Steel Works, with numerous engravings, wood- 
cuts. 8vo, cloth, with folio atlas of plates $10.00 

TURBAYNE, A. A. Alphabets and Numerals. With 27 
plates. 4to, boards $2.00 

UNDERHILLy C. R. The Electro-magnet. New and 

revwed edition. 8vo, cloth, illustrated net, $1 . 50 

URQUHART, J. W. Electric Light Fitting. Embodymg 
Practical Notes on Installation Management. A Handbook for 
Working Electrical Engineers. With numerous illustrations. 
12mo, cloth $2.00 

Electro-plating. A Practical Handbook on the Depo- 
sition of Copper, Silver, Nickel, Gold, Brass, Aluminium, Plati- 
num, etc. Fourth Edilion, 12mo $2.00 

Electrotyping. A Practical Manual Forming a New 

and Systematic Guide to the Reproduction and Multiplication of 
Printing Surfaces, etc. 12mo $2.00 
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URQUHARTy J. W. Dynamo Construction. A Practical 

Handbook for the Use of Engineer Constructors and Electricians 
in Charge, embracing Frame Work Building, Field Magnet and 
Armature Winding and Grouping, Compounding, etc., with Ex- 
amples of Leading English, American, and Contmental Dynamos 
ana Motors, with niunerous illustrations. 12mo, cloth. .. . $3.00 

Electric Ship Lighting. A Handbook on the Practical 

Fitting and Running of Ship's Electrical Plant. For the Use of 
Ship Owners, and Builders, Marine Electricians and Sea-going 
Engineers-in-Charge. Illustrated. 12mo, cloth fe.OO 

XTNIVERSAL TELEGRAPH CIPHER CODE. Arranged 

for General Correspondence. 12mo, cloth $1 .00 

VAN NOSTRAin)'S Chemical Annual, based on Bieder- 

manns' "Chemiker Kalender." Edited by Prof . J. C. Olsen, with 
the co-operation of Eminent Chemists. First year of issue 1906. 
12mo, cloth, illustrated In Press, 

En^eering Magazine. Complete Sets, 1869 to 1886 

inclusive. 35 vols., in cloth $60.00 

** " in half morocco $100.00 

Year Book of Mechanical Engineering Data. With 

many tables and diagrams. (First Year of issue 1906.) In Press. 

VAN WAGENEN, T. F. Manual of Hydraulic Mining 

For the Use of the Practical Miner. Revised and enlarged edition. 
18mo, cloth $1 .00 

VILLON, A. M. Practical Treatise on the Leather Industry. 

With many tables and illustrations and a copious index. A trans- 
lation of Villon's "Traite Pratique de la Fabrication des Cuirs et 
du Travail des Peaux," by Frank T. Addyman, B.Sc. 8vo, 
cloth, Ulustrated net, %\0. 00 

VINCENT, C. Ammonia and its Compounds: their 
Manufacture and Uses. Translated from the French by M. J. 
Salter. 8vo, clo.h, illustrated net, $2.00 

VOLK, C. Haulage and Winding Appliances Used in 

Mines. With plates and engravings. Translated from the Ger- 
man. 8vo, cloth, illustrated net^ $4 .00 
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VON GEORGIEVICS, G. Chemical Technology of Textile 
Fibres: their Origin, Structure, Preparation, Washing, Bleaching, 
Dyeing, Printing, and Dressing. Translated from the German 
by Charles Salter. With many diagrams and figures. 8vo, cloth, 

illustrated. 306 pages n«/, $4 .50 

CofUenta. — ^The Textile Fibres; Washing, Bleaching, and Car- 
bonizing; Mordants and Mordanting; Dyemg, Printing, Dressing 
and Finishmg; Index. 

Chemistry of Dyestuffs. Translated from the Second 

German edition by Chias. Salter. 8vo, cloth, 4 12 pages. . . net, $4 . 50 

WABNERy R. Ventilation in Mines. Translated from 

the German by Charles Salter. With plates and engravings. 
8vo, cloth, illustrated, 240 pages net, $4 .50 

WADE, E. J. Secondary Batteries: their Theory, Con- 
struction and Use. With innumerable diagrams and figures. 
8vo, cloth, illustrated, 492 pages n^, $4 .00 

WALKER, F., C.E. Atrial Navigation. A Practical 

Handbook on the Construction of Dirigible Balloons, Aerostats, 
Aeroplanes and Aeromotors. With diagrams, tables and illus- 
trations. 8vo, cloth, illustrated, 151 pages net, $3.00 

WALKER, S. F. Electrical Engineering in Our Homes 

and Workshops. A Practical Treatise on Auxiliary Electncal 
Apparatus, third Edition, revised, vnth numerous illustrations, 
8vo, cloth $2.00 

Electric Lighting for Marine Engineers, or How to 

Light a Ship by the Electric Light and How to Keep the Apparatus 
in Order. /Second Edition, 103 illus., 8vo, cloth S2.00 

WALKER, W. H. Screw Propulsion. Notes on Screw 
Propulsion; its Riseand History. 8vo, cloth $0.75 

WALLING, B. T., Lieut. Com. U.S.N., and MARTIN, JULIUS. 

Electrical Installations of the United States Navy. With many 
diagram^ and engravings. 8vo, cloth, illustrated In Press, 

WALLIS TAYLER, A. J. Modem Cycles, a Practical 

Handbook on Their Construction and Repair. With 300 illustra- 
tions. 8vo, doth $4.00 

Motor Cars, or Power Carriages for Common Roads. 

With numerous illustrations. 8vo, cloth $1 .80 
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WALLIS TAYLER, A. J. Bearings and Lubrication. A 

Handbook for Every user of Machinery. Fully illustrated. 8vo, 
cloth $1 .50 

Refrigerating and Ice-making Machinery. A Descrip- 
tive Treatise for the use of persons employing refrigerating and 
ice-making installations, and others. 8vo, cloth, illustrated. 93 . 00 

Refrigeration and Cold Storage : being a Complete 

practical treatise on the art and science of refrigeration. 600 
pages, 361 diagrams and figures. 8vo, cloth neif $4 .50 

Sugar Machinery. A Descriptive Treatise, devoted 

to the Machinery and Apparatus used in the Manufacture of 
Cane and Beet Sugars. 12mo, cloth, illustrated $2 . 00 

WANKLYN, J. A. A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter and Cheese. 
12mo, cloth. $1 .00 

Water Analysis. A Practical Treatise on the Exam- 
ination of Potable Water. Tenth Edition, 12mo, cloth $2 . 00 

WANSBROUGH, W. D. The A B C of the Differential 

Calculus. 12mo, cloth $1 .50 

WARD, J. H. Steam for the Million. A Popular Treat- 
ise on Steam, and its application to the Useful Arts, especially to 
Navigation. 8vo, cloth $1 .00 

WARING, G. E., Jr. Sewerage and Land Drainage. 

Illustrated with woodcuts in the text, and full-page and folding 
plates. Third Edition. Quarto. Cloth $6.00 

Modem Methods of Sewage Disposals for Towns, 

Public Institutions and Isolated Houses. Second Edition^ revised 
and enlarged, 260 pages. Illustrated. Cloth $2.00 

How to Drain a House. Practical Information for 

Householders. Third Edition^ enlarged, 12mo, cloth $1 .25 

WARREN. F. D. Handbook on Reinforced Concrete. 

16mo, cloth, illustrated net, $2.50 
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WATSON, B. P. Small Engines and Boilers. A Manual 

of Concise and Specific Directions for the Construction of Small 
Steam-engines and Boilers of Modem Types from five Horse- 
power down to model sizes. Illustrated with Numerous Dia- 
grams and Half-tone Cuts. 12mo, cloth $1 . 25 



WATT, A. Blectro-plating and Blectro-refining of Metals: 

being a new edition of Alexander Watts' "Electro-Deposition." 
ReirSed and largely rewnUen by Arnold Philip, B.Sc. With 
numerous figures and engravings. 8vo, doth, illustrated, 680 
pages net, ti . 50 



Blectro-metallurgy Practically Treated. Bleventh 

Editwn, considerably enlarged. 12mo, cloth SI .00 



— The Art of Soap-making. A Practical Handbook of 

the Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. In- 
cluding many New Processes, and a Chapter on the Kecovery of 
Glycenne from Waste Lyes. With illustrations. Fifth Edition, 
revised and enlarged. Svo, cloth $3 .00 



The Art of Leather Manufacture: being a Practical 

Handbook, in which the Operations of Tanning, Currying and 
Leather Dressing are Fully Described, and the Pnnciples of 
Tanning Explained, and many Recent Processes Introduced. 
With numerous illustrations. New Edition In Press. 

WBALB, J. A Dictionary of Terms Used in Architecture, 

Building, Engineering, Mining, Metullargy, Archsolog]^, the Fine 
Arts, etc., with explanatory observations connected with applied 
Science and Art. Fifth Edition, revised and corrected. 12mo, 
cloth $2.50 

WEBB, H. L. A Practical Guide to the Testing of Insu- 
lated Wires and Cables. Illustrated. 12mo, cloth SI .00 

The Telephone Handbook. 128 Illustrations. 146 

pages. 16mo, cloth $1 .00 

WEBEES, R. W. The Design of Alternate Current Tran»* 

formers. Illustrated. 12mo, cloth $1 .00 
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WEISBACH, J. A Manual of Theoretical Mechanics. 

Ninth American edition. Translated from the fourth augmented 
and improved German edition, with an Introduction to the Calculus 
by Eckley B Coxe, A.M., Mining Engineer. 1,100 pages and 902 

woodcut illustrations 8vo, cloth $6 . 00 

Sheep $7.50 

and HERRMANN, 6. Mechanics of Air Machinery. 

Authorized translation, with an appendix on American practice 
by A. Trowbridge. With figures, diagrams, and folding plates. 
8vo, cloth, illustrated nef , $3 . 75 

WESTON, E. B. Tables Showing Loss of Head Due to 

Friction of Water in Pipes. Second Edition 12mo, cloth. . $1 . 60 

WEYMOUTH, F. M. Drum Armatures and Commutators. 

(Theory and Practice.) A complete Treatise on the Theory 
and Construction of Drum Winding, and of commutators for 
closed-coil armatures, together with a full rdsum^ of some of the 
principal points involved in their design, and an exposition of 
armature reactions and sparking. 8vo, cloth $3 . 00 

WHEELER, J. B., Prof. Art of War. A Course of 

Instruction in the Elements of the Art and Science of War, for 
the Use of the Cadets of the United States Military Academy, 
West Point, N. Y. 12mo, cloth $1 .75 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United States Military 
Academy, West Point, N. Y. 12mo, cloth $1 . 75 

WHIPPLE, S.y C.E. An Elementary and Practical Treatise 

on Bridge Building. 8vo, cloth $3 .00 

WHITE, W. H., K.C.B. A Manual of Naval Architecture, 

for use of Officers of the Royal Navy, Officers of the Mercantile 
Marine, Yachtsmen, Shipowners and Shipbuilders. Containing 
many figures, diagrams and tables. Thick, 8vo, cloth, illus- 
trated $9.00 

WHITELAW, J., Jr. Surveying, as Practiced by Civil 

Engineers and Surveyors; including the setting-out of work for 
construction and surveys abroad, with examples taken from 
actual practice. Intended as a handbook for Field and Office 
use; also as a text-book for Students. With numerous tables, 
full-page plates and diagrams. 8vo, cloth, illustrated, 516 
pages net, %4 . 00 
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WILKINSON, H. D. Submarine Cable-laying, Repairing, 

and Testing. 8vo, cloth. New EdUion In Freaa. 

WILLIAMSON, R. S. On the Use of the Barometer on 

Surveys and ReconnoisHances Part 1. Meteorology in its Con- 
nection with Hypsometry. Part 11. Barometric Hypeouietry 
With illustrative tables and engravings. 4 to, cloth $15.00 

Practical Tables in Meteorology and Hypsometry, in 

connection with the use of the Barometer. 4to, cloth $2. 50 

WILSON, G. Inorganic Chemistry, with New Notation. 

Revised and enlarged by H. G Madau New edition, 12mo, 
cloth $2.00 

WILLSON, F. N. Theoretical and Practical Graphics. 

An Educational Course on the Theory and Practical Applications 
of Descriptive Geometry and Mechanical Drawing. Prepared 
for students in General Science, Engraving, or Architecture. 
Third Edition, revised. 4to, cloth, illustrated net, $4.00 

Note-taking, Dimensioning and Lettering. 4to, Cloth, 

illustrated net, $1 . 25 

Third Angle Method of Making Working Drawings. 

4to, cloth, illustrated net, $1 . 25 

Some Mathematical Curves, and Their Graphical 

Construction. 4to, cloth, illustrated net, $1 .50 

Practical Engineering Drawing and Third Angle 

Projection. 4to, cloth, illustrated net, $2.h0 

Shades, Shadows, and Linear Perspective. 4to, Cloth. 

illustrated net, $1 . 00 

Descriptive Geometry — Pure and Applied, with a 

chapter on Higher Plane Curves, and the Helix. 4to, cloth 
illustrated net, %S. 00 

WINKLER, C, and LUNGE, G. Handbook of Technical 

Gas- Analysis. With figures and diagrams. Second English edi- 
tion. Translated from the third greiitly enlarged German edition, 
with some additions by George Lunge, Ph.D. 8vo, cloth, illus- 
trated, 190 pages $4.00 
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WOODBURY, D. V. Treatise on the Various Elements 

of Stability in the Well-proportioned Arch. With numerous 
tables of the Ultimate and Actual Thrust. 8vo, half morocco. 
Illustrated $4.00 

WRIGHT, A. C. Analysis of Oils and Allied Substances. 

8vo, cloth, illustrated, 241 pages nU, $3 . 50 

Simple Method for Testing Painters' Materials. 8vo, 

cloth, 160 pages : net, $2 . 50 

WRIGHT, T. W., Prof. (Union College.) Elements of 

Mechanics; including Kinematics, Kinetics and Statics. With ap- 
plications. Third Edition, revised and enlarged. 8vo, cloth . . $2 . 50 



and HAYFORD, J. F. Adjustment of Observations 

by the Method of Lea»st Squares, with applications to Geodetic 
ork. Second Edition, rewruten. 8vo, clotn, illustrated, net, .$3 .00 



t 



YOUNG, J. E. Electrical Testing for Telegraph Engineers. 

With Appendices consisting of Tables. 8vo, cT th, illus. . . 84.00 

YOUNG SEAMAN'S MANUAL. Compiled from Various 

Authorities, and Illustrated with Numerous Original and Select 
Designs, for the Use of the United States Training Ships and the 
Marine Schools. 8vo, half roan $3 .00 

ZEUNER, A., Dr. Technical Thermodynamics. Trans- 
lated from the German, by Prof. J. F. Klein, Lehigti University 
8vo, cloth, ilhistiatcd In Press. 

ZIMMER, G. F. Mechanical Handling of Material. Be- 
ing a treatise on the handling of material, such as coal, ore, tim- 
ber, etc., by automatic and semi-automatic machinery, together 
with the various accessories used in the manipulation of such 
plant, also dealing fully with the handling, storing, and ware- 
housing of grain. With 542 figures, diagrams, full-page and fold- 
ing plates. Royal 8vo, cloth, illustrated. net, $10. CO 

ZIPSER, J. Textile Raw Materials, and Their Conversion 

into Yarns. The study of the Raw Materials and the Technology 
of the Spinning Process. A Text-book for Textile, Trac'e and 
higher Technical Schools, as also for self -instruction. Based upon 
the ordinflrv syllabus and curriculum of the Imperial and Roynl 
Weaving Schools.' Translated from the German by Chas. Salter 
8vo, cloth, illustrated net, $5.00 
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n^HEY are put up in a uniform, neat, and attractive form. i8mo, 
boards. Price 50 cents per volume. The subjects are of on 
eminently scientific character and embrace a wide range of topics, and 
>are amply illustrated when the subject demands. 

JVo. X. CHIMIfEYS FOR FURNACES AND STEAM BOILERS. By 
R. Armstrong, C.E. Third American Edition. Revised and 
partly rewritten, with an Appendix on "Theory of Chimney 
Draught," by F. E. IdeU, M.E. 

No. 2. STEAM-BOILER EXPLOSIONS. By Zerah Colbum. New 
Edition, revised by Prof. R. H. Thurston. 

No. 3. PRACTICAL DESIGNING OF RETAINING-WALLS. Fourth 
edition, by Prof. W. Cain. 

No. 4. PROPORTIONS OF PINS USED IN BRIDGES. By Charles 

£. Bender, C.E. Second edition, with Appendix. 

IVo. 5. VENTILATION OF BUILDINGS. By Wm. G. Snow, S.B., and 
Thos. Nolan, A.M. 

No. 6. ON THE DESIGNING AND CONSTRUCTION OF STORAGE 

Reservoirs. By Arthur Jacob, B.A. Third American edition, 
revised, with additions by E. Sherman Gould. 

No. 7* SURCHARGED AND DIFFERENT FORMS OF RETAINING- 

walls. By James S. Tate, C.E. 

No. 8. A TREATISE ON THE COMPOUND STEAM-ENGINE. By 
John Tumbull, Jr. 2nd edition, revised by Prof. S. W. Robinson. 

No. 9. A TREATISE ON FUEL. By Arthur V. Abbott, C.E, Founded 

on the original treatise of C. Wifiiam Siemens, D.C.L. Third ed. 

No. 10. COMPOUND ENGINES. Translated from the French of A. 
Mallet. Second edition, revised with results of American Prac- 
tice, by Richard H. Bud, C.E. 

No. II. THEORY OF ARCHES. By Prof. W. Allan. 

No. 13. THEORY OF VOUSSOIR ARCHES. By Prof. Wm. CaiiL 
Third edition, revised and enlarged. 

No. 13. GASES MET WITH IN COAL MINES. By J. T. Atkinson. 
Third edition, rexnsed and enlarged, to which is addea The Action 
of Coal Dusts by Edward H. Williams, Jr. 
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No. 14. FRICTION OF AIR IN MINES. By J. J. Atkinson. Second 
American edition. 

No. 15. SKEW ARCHES. By Prof. E. W. Hyde, C.E. Dlustrated. 
Second edition. 

No. 16. GRAPHIC METHOD FOR SOLVING CERTAIN QUESTIONS 
in Arithmetic or Algebra. By Prof. G. L. Vose. Second 
edition. 

No. 17. WATER AND WATER-SUPPLY. By Prof. W. H. Corfield, 
of the University College, London. Second American edition. 

No. 18. SEWERAGE AND SEWAGE PURIFICATION. By M. N. 

Baker, Associate Editor ''Engineering News." Second edition, 
revised and enlarged. 

No. 19. STRENGTH OF BEAMS UNDER TRANSVERSE LOADS. 
By Prof. W. Allan, author of "Theory of Arches." Second 
edition, revised. 

No. 20. BRIDGE AND TUNNEL CENTRES. By John B. McMaster, 
C.E. Second edition. 

No. 21. SAFETY VALVES. By Richard H. Buel, C.E. Third edJtion. ' 

No. 22. HIGH MASONRY DAMS. By E. Sherman Gould, M. Am. 
Soc. C. E. 

No. 23. THE FATIGUE OF METALS UNDER REPEATED STRAINS. 
With various Tables of Results and Experiments. From tho 
German of Prof. Ludwig Spangenburg, with a Preface by S. H. 
Shreve, A.M. 

No. 24. A PRACTICAL TREATISE ON THE TEETH OF WHEELS. 
By Prof. S. W. Robinson. 2nd edition, revised, with additions. 

No. 25. THEORY AND CALCULATION OF CANTILEVER BRIDGES. 
By R. M. Wilcox. 

No. 26. PRACTICAL TREATISE ON THE PROPERTIES OF CON- 

tinuous Bridges. By Charles Bender, C.E. 

No. 27. BOILER INCRUSTATION AND CORROSION. By F. 

Rowan. New edition. Revised and partly rewritten by F. 
Idell. 

No. 28. TRANSMISSION OF POWER BY WIRE ROPES. By Albert 
W. Stahl, U.S.N. Second edition, revised. 

No. 29. STEAM INJECTORS. THEIR THEORY AND USE. Trans- 
lated from the French of M. Leon Pochet. 

No. 30. MAGNETISM OF IRON VESSELS AND TERRESTRIAL 

Magnetism. By Prof. Fairman Rogers. 
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No. 31. THE SANITARY CONDITION OF CITY AND COUNTRY 

Dwelling-honaes. By Geoige E. Waring, Jr. Second edition, 
revised. 

No. 32. CABLE-MAKING FOR SUSPENSION BRIDGEa By W. 

Hildenbrand, C.E. 

No. 33. MECHANICS OF VENTILATION. By George W. Rafter, CJE. 

Second edition, revised. 

No. 34. FOUNDATIONS. By Prof. Jules Gaudard, C.E. Trans- 
lated from the French. Second edition. 

No. 35. THE ANEROID BAROMETER: ITS CONSTRUCTION AND 
Use. Compiled by George W. Plympton. Ninth edition, 
revised and enlarged. 

No. 36. MATTER AND MOTION. By J. Clerk MaxweU, M.A. Second 
American edition. 

No. 37. GEOGRAPHICAL SURVEYING: ITS USES, METHODS, 
and Results. By Frank De Yeaux Carpenter, C.E. 

No. 38. MAXIMUM STRESSES IN FRAMED BRIDGES. By Prof. 
William Cain, A.M., C.E. New and revised edition. 

No. 39. A HANDBOOK OF THE ELECTRO-MAGNETIC TELE- 
graph. By A. E. Loring. Fourth edition, revised. 

No. 40. TRANSMISSION OF POWER BY COMPRESSED AIR. By 

Robert Zahner, M.E. New edition, in press. 

No. 41. STRENGTH OF MATERIALS. By William Kent, C.E., 
Assoc. Editor "Engineering News." Second edition. 

No. 42. THEORY OF STEEL-CONCRETE ARCHES. AND OF 
Vaulted Structures. By Prof. Wm. Cain. Third edition, 
thoroughly revised. 

No. 43. WAVE AND VORTEX MOTION. By Dr. Thomas Craig, 
of Johns Hopkins University. 

No. 44. TURBINE WHEELS. By Prof. W. P. Trowbridge, Columbia 
College. Second edition. liievised. 

No. 45. THERMO-DYNAMICS. By Prof. H. T. Eddy, University 
of Cincinnati. New edition, in press. 

No. 46. ICE-MAKING MACHINES. From the French of M. Le Doux. 
Revised by Prof. J. E. Denton, D. S. Jacobus, and A. Riesenberger. 
Fifth edition, revised. 

No. 47. LINKAGES: THE DIFFERENT FORMS AND USES OF 
Articulated Links. By J. D. C. De Roos. 

No. 48. THEORY OF SOLID AND BRACED ELASTIC ARCHES 
By William Cain, C.E. 

No. 49. MOTION OF A SOLID IN A FLUID. By Thomas Craig, Ph.D. 
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No. 50. DWELLING-HOnSES: THEIR SANITARY CONSTRUC- 
tion and Arrangements. By Prof. W. H. Corfield. 

Ho. 51. THE TELESCOPE : OPTICAL PRINCIPLES INVOLVED IN 
the Construction of Refracting and Reflecting Telescopes, with 
a new chapter on the Evolution of the Modem Telescope, and a 
BibUograpnv to date. With diagrams and folding plates. By 
Thomas Nolan. Second edition, revised and enlarged. 

No. 52. IMAGINARY QUANTITIES: THEIR GEOMETRICAL IN- 

terpretation. Translated from the French of M. Argand by 
Prof. A. S. Hardy. 

No. 53. INDUCTION COILS: HOW MADE AND HOW USED. 

Eleventh American edition. 

No. 54. KINEMATICS OF MACHINERY. By Prof. Alex. B. W. 
Kennedy. With an introduction by Prof. R. H. Thurston. 

No. 55. SEWER GASES: THEIR NATURE AND ORIGIN. By A. 

de Varona. Second edition, revised and enlarged. 
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